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Plasma Infusion vs. Plasma 

Exchange
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What’s the deal with 

ADAMTS 13?

Image of Adam (looking fairly inactive at the moment): Michelangelo, 

Sistine Chapel.
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7 patients with:
• ADAMTS13 <5%

• Inhibitor present

• Multiple relapses in 4 

and 2 deaths

ADAMTS13 Deficient, With Inhibitor
Response to Plasma Exchange
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Plasma exchange:
• Good response

• Unchanged ADAMTS13

• Persistent inhibitor

Why is PE effective?
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TTP/HUS: Why Does Plasma 

Exchange Work?
Stress precipitates TTP in familial ADAMTS13

deficiency 

• Childhood triggers: vaginal delivery, upper 
respiratory infection, pneumonia, otitis 
mediamedia

• Adult triggers: infection, alcohol abuse, 
pregnancy

Resolution of stress may end an attack of familial 

(or acquired idiopathic) TTP

Similarly about 50% of heterozygous CFH

mutation carriers never develop aHUS



TTP ADAMTS 13 

deficiency

ULvWF
Platelet activation

Complement activation

Factor H 

Loss of 

complement 

regulation
C3b deposition HUS

Factor H 

deficiency

regulation
C3b deposition 

on endothelial cells

Endothelial 

damage

Microthrombi formation



Dr. Eli Moschcowitz 

19251925 Eli Eli MoschcowitzMoschcowitz described “described “An 

acute febrile pleiochromic anemia

with hyaline thrombosis of terminal 

arterioles and capillaries. Un 

undescribed disease” (Archives of 

Internal Medicine, Chicago, 1925, 

36: 89). 

History

36: 89). 

19361936 BaehrBaehr found found microthrombimicrothrombi

composed of fibrin and platelets, composed of fibrin and platelets, 

the the pathognomonicpathognomonic lesion.lesion.

19471947 Singer named "TTP" to emphasize Singer named "TTP" to emphasize 

these lesionsthese lesions

19571957 Named "Named "Moschcowitz'sMoschcowitz's disease" disease" 

by by BernheimBernheim



Gasser's syndrome 











A Classification of TMA
(Thrombotic Microangiopathy)

Typical / diarrheal HUS or TTP (STX-induced TTP 

in ADAMTS13 deficient)

Complement defects Atypical HUS

von Willebrand proteinase

(ADAMSTS13) deficiency

Generally TTP

Cobalamin-C deficiency TMA + multiorgan failure

Besbas et al. Kidney International 2006

Cobalamin-C deficiency TMA + multiorgan failure

Quinine-related Abrupt TMA, exposure related

Post transplantation

(calcineurin inhibitior related)

De-novo renal TMA

May be renal “isolated”

Others:     HIV, radiation, chemotherapy, HELLP,

antiphospholipid Ab syndrome, unclassified





Typical HUS

Triad of :

Microangiopathic hemolytic anemia

Thrombocytopenia

Acute renal failure

Generally diarrhea-associatedGenerally diarrhea-associated

Shiga toxin produced by E coli serotype O157:H7

Shigella, Salmonella, others also

Food borne disease: uncooked / unpasteurized

products contaminated by animal wastes

Or other infections (respiratory):

Invasive S. Pneumoniae or viral infections







EPIDEMIOLOGY OF SHIGA-LIKE TOXIN –

PRODUCING ESCHERICHIA COLI STRAINS (STEC) 











Epidemia di Sindrome Emolitica Uremica in Germania

Una epidemia causata da una grave malattia sta causando 

preoccupazione in Germania, dove tre donne sono morte e 

276 persone hanno sviluppato la sindrome emolitica 

uremica (HUS), sin dalla seconda metà di maggio.

27 maggio 10 giugno 2011

uremica (HUS), sin dalla seconda metà di maggio.

Paura in Germania: «germe killer» fa le prime  vittime 

Quattro morti e oltre 600 casi per un'epidemia causata 

dal batterio fecale, Escherichia Coli

Batterio killer, 37 i morti in Germania

L'ultima vittima un bimbo di due anni. Epidemia in calo, in 

tutto 3.254 i casi di infezione.





Batterio Killer del cetriolo



Batterio killer, germogli di soia 

colpevoli: trovato il focolaio in 

un'azienda agricola





Salve, siamo Salve, siamo 
Escherichia Coli, 
non cetrioli



Escherichia coli O157:H7





















Typical HUS

Outcome

Acute episode

•Red blood cells transfusion 70%

•Dyalisis 50%

•Neurologic involvement 25%

•Death 3-5%•Death 3-5%

Long term results (10-20 years after HUS*)

63% Complete recovery

12% Recovery with proteinuria

6% Recovery with proteinuria and HTN

16% Recovery with low GFR ±±±± proteinuria or HTN

3% ESRD

* Diarrheal or URI- related only, pediatric

Spizzirri et al. Pediatric Nephrology 1996













































Atypical HUS

Clinically very severe

15% died

25% ESRD                             60% major sequelae

15% renal insufficiency

Taylor et al Ped Neph 2004

15% renal insufficiency

1/3 recover without significant renal disease

most (75%) of these had a single episode

few (25%) of these had recurrent aHUS

(a pediatric series)







Complement and Atypical HUS
Risk of recurrence after “unmodified” kidney transplant

Protein Gene Source Location Recurrence 

Rate

Factor H CFH Liver circulates > 80%

Factor I CFI Liver circulates > ~ 80%

MCP MCP Widespread Membrane ~ 20%MCP MCP Widespread Membrane 

bound

~ 20%

Factor B CFB Liver, ? circulates ?

C3 C3 Liver, ? circulates ?

Anti-FH-

Ab

CFHR1/

CFHR3

Lymphocyte circulates ?

No known mutation 30%

Loirat, C et al. Pediatric Transplantation 2008, Saland et al. JASN 2009
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Recommended Initial Evaluation of  

HUS
�Because infections trigger both typical and atypical 

HUS, initial evaluation should encompass both

�Testing should include C3 level as well as classic 

evaluation (stool culture, LDH, smear, etc.)

�ADAMSTS13 / auto-Ab analysis if TTP not ruled out

�Save some plasma for later analysis (CFH, CFI, 

MCP, C3, CFB, anti-FH-Ab – CFHR1/CFHR3; more 

likely to be added) 

�Contacting one of the major registries is prudent 



Empiric Plasma Therapy

Fluid phase complement proteins reside in plasma 

and are therefore subject to plasma therapy

Caprioli, et al. Blood. 2006



Empiric Plasma Therapy

Fluid phase complement proteins reside in plasma 

and are therefore subject to plasma therapy

Plasma Infusion:

• Repletes but does not remove mutant protein

Plasma Exchange:

• Removes mutant protein and repletes• Removes mutant protein and repletes
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Empiric Plasma Therapy

Fluid phase complement proteins reside in plasma 

and are therefore subject to plasma therapy

Plasma Infusion:

• Repletes but does not remove mutant protein

Plasma Exchange:

• Removes mutant protein and repletes• Removes mutant protein and repletes

There are MANY anecdotes of prolonged preservation 

of kidney function in patients with CFH mutation, 

though most eventually suffer ESRD.

Benefit is not clear for MCP mutations– most (single) 

episodes seem to recover with or without exchange

Caprioli, et al. Blood. 2006



Empiric Plasma Exchange
Diagnosis of  HUS

Atypical presentation

Plasma Exchange within 24 hrs

1.5 Volumes (60-75 ml/kg) per session

FFP or Octaplas®

Clinical 

Exceptions

Ariceta et al. Ped Neph 2009

Repeat Plasma Exhange Daily x 5

Then 5 sessions/week for 2 weeks

Then 3 sessions/week for 2 weeks

Assess Outcome at Day 33

Withdrawal

Alternate Diagnosis

Plasma Exchange Complication

Early remission



Transplant Considerations

Gray, Henry. Anatomy of the Human Body. Philadelphia: Lea & Febiger, 1918; Bartleby.com, 

2000. www.bartleby.com/107/.



Post-Transplant HUS Recurrence

Most are within 1 month

Plasma responsiveness of the underlying defect is 

often retained.

If untreated, most result in graft lossIf untreated, most result in graft loss

Chronic plasmapheresis may be required 

Seitz, B et al. Transplantation Proceedings 2007 



Options for Transplantation

Kidney transplantation



Options for Transplantation

Kidney transplantation

Combined liver-kidney transplantation

•Surgery is a trigger for complement 

activationactivation

•Preparative plasma exchange before 

transplant followed by serial plasma 

exchange is recommended



Auxiliary liver, several month function followed by 

acute decompensation, death

Hepatic graft failure* with neurological deficits, 2nd

Combined Liver Kidney Transplant

For aHUS Secondary to CFH Mutation
First 3 Experiences not Encouraging

Hepatic graft failure* with neurological deficits, 2nd

liver transplant at 1 month

Primary hepatic non-function*, death

* Complement mediated injury to liver vasculature 

Cheong HI. (Abstract) ASN/ISN World Congress 2001, Remuzzi G, et al. Lancet 

2002, Remuzzi G, et al. AJT 2005, Cheong HI et al. Pediatr Nephrol 2004



• Hemodialysis (if needed) session no heparin

• Plasma exchange with FFP (minimum 1.5 volumes)

• < 6 hours of surgery

• 10- 20 ml/kg FFP intraoperatively

• Additional FFP if clinically indicated

Liver-Kidney Transplant Protocol

Modified by Plasma Exchange

• Additional FFP if clinically indicated

• Post-operative LMW heparin prophylaxis

• Low dose aspirin prophylaxis

Plasma exchange removes mutant FH, replaces normal

LMW heparin used empirically

Hold anticoagulation for bleeding or coagulopathy

Saland, J et al. JASN 2009



Options for Transplantation

Kidney transplantation

Combined liver-kidney transplantation

Kidney transplantation

followed by chronic plasma exchange prophylaxis



Options for Transplantation

Kidney transplantation*

Combined liver-kidney transplantation*

Kidney transplantation*

followed by chronic plasma exchange prophylaxis

Not yet .

followed by chronic anti-complement therapy

followed by specific factor replacement (eg. FH)



Complement and Atypical HUS

About 50%-60% of aHUS cases are associated with a 

mutation in a complement-related gene

Protein Gene Source Location % of 

aHUS

Factor H CFH Liver circulates ~ 15-30%

Factor I CFI Liver circulates ~ 5-10%Factor I CFI Liver circulates ~ 5-10%

Membrane 

Cofactor Protein

MCP Widespread Membrane 

bound

~ 10-15%

Factor B CFB Liver, ? circulates <5%

C3 C3 Liver, ? circulates ~ 5-10%

Anti-FH-Ab CFHR1/

CFHR3

Lymphocyte circulates ~ 10%

Unknown ~ 40-50%

Jozsi et al. Blood 2008, Frémeaux-Bacchi V et al. Blood 2008, Goicoechea de Jorge 

2007, Caprioli, et al Blood 2006, Kavanagh Curr Opin Nephrol Hypertens, 2007

















Eculizumab (Soliris)

On September 23, 2011, the U.S. Food and Drug 

Administration (FDA) granted accelerated approval for Administration (FDA) granted accelerated approval for 

the use of eculizumab (Soliris®, Alexion, Inc.) for the 

treatment of pediatric and adult patients with atypical 

hemolytic uremic syndrome (aHUS). 





James Dewitt Yancey (February 7, 

1974 – February 10, 2006)


