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CASE REPORT

• 32-year old    , 2nd pregnancy, 26 weeks, history of diarrhea
for past 6 days (one bloody and mucousy stool)-
presented on friday after working hours

• First pregnancy normal, intermittent sinusitis, otherwise 
healthy

Urine +++prot and Er, 1 hyaline 
and 3-4 granular casts

Ref. range

sCr ↑ 168... 219 53-97

Hb ↓ 117 119-157

PLT ↓ 43 158-424



CASE REPORT

• Nephrologist suspected TMA (HUS/TTP, PE/E and HELLP less likely), no evidence 
of systemic disease or infection (except for diarrhea) with further suggestions:

• Referred and admitted to the Clinic for Gynecology and Obstetric

• Multidisciplinary management and monitoring

Recommendations for diagnostics (completed within 2 weeks)

standard lab tests including coagulation tests, serum immunoglobulins, peripheral blood 
smear, Coombs test, Hantan and Leptospirosis serology, blood and urine culture, swabs, 
hepatitis tests, sputum tests, swabs, COVID-19, haptoglobin, immunological tests including C3 
and C4  complement levels...



CASE REPORT

Worsening of the lab tests the next day

Urine ++ prot

sCr ↑242

PLT ↓33

Haptoglobin <0.07

COOMBS Neg

CRP 46.9

• Schistocytes present in peripheral 
blood smear

• Dg of TMA confirmed
• Diarrhea improved but still present
• Testing for Shiga toxin not available...
• No fetal or placental abnormalities

• Nephrologist: possible STEC-HUS or pregnancy-associated TMA/aHUS or TTP
• AKI progressing
• Mild hypertension, preserved diuresis but mild congestion
• Transient headaches (subsequent brain MRI normal)
• TTP not excluded or confirmed (results of complement parameters sent abroad pending)



CASE REPORT

• Transffered to the ICU 
• Initiation of PLEX daily and HDF with adjusted ultrafiltration
• Gradually reduced UF due to the clinical reduction of hypervolemia



CASE REPORT

• At the same time, methyprednisolone was introduced (initially  in a dose recommended 
by hematologist 40 mg than the next day 60 mg)

• Nephrologist recommended dosage uptitration to 250 mg (3 days with a slight tapering while 
waiting for the test results - 125 mg ...1 mg/kg - 80 mg... 60 mg and than gradually to the 
maintenance dose of 10 mg

• IVIG due to ↓globulins (11 g/L) and as an immunomodulatory Th

• Daily heparin with PEX and HDF



CASE REPORT

• Still waiting for complement results...

• Kidney injury persists despite PEX, MP, IVIG and HDF 

• Had to receive blood and even platelet transfusions on couple of occasions (recommended by 
the hematologist 2x 8 doses due to the drop of platelets below 20)

• Nephrologist initiated procurement procedure of anti-complement therapy while waiting for 
the test results

• Vaccination for Meningococcus



CASE REPORT

• As for test results...
• Immunology test all negative, except for initially normal than reduced C3 

(0.55; ref 0.9-1.8) and C4 (0.1; ref 0.1-0.4)
• No evidence of infection (testing for shiga toxin not available at the moment)
• After substantial subjective and partial clinical improvement, transferred from ICU to 

the Department of NDT of the Clinic for Internal Diseases by the decision of the MDT



CASE REPORT

• In the meantime, complement results from abroad  started to arrive...
• ADAMTS13 activity severely decreased, but not deficient, TTP is not probable
• Haptoglobin deficient, hemolysis is supported
• C3 and C4 decreased, suggesting infection or autoimmune disease in the background- not proved, even repeated
• If aHUS can clinically be verified and kidney failure persists, then complement inhibitory 

therapy should be considered.
• In the first sample decreased Factor B level and deficient haptoglobin was observed. Terminal pathway

activation marker not elevated, anti FH Ab negative.
• In the second sample low level of complement factors and regulators are observed, without 

overactivation of the terminal pathway
• Complement dysregulation with overactivation was not shown, genetic testing was not done



CASE REPORT

• Gradual recovery of the kidney function and hemolysis parameters- overall 9 PE and HDF

• No signs of fetal or placental abnormalities
• Liver function tests normal all the time
• Patient subjectively and clinically  better

sCr 72

Urine + prot + Er, no casts

Hb 84

PLT 96

Haptoglobin gradually increasing to normal values

LDH 440 →293



CASE REPORT

• Dillema...
• ‘Complement dysregulation with overactivation was not shown‘. 
• Watchful waiting or anticomplement therapy?

• Could this be the case of STEC HUS that took atypical course during pregnancy 
with complement dysregulation but without overactivation, and spontaneously 
or with applied therapy entered remission?

• Consultation with the expert...



CASE REPORT

• Expert opinion:
• Careful watch & wait is the best option at the moment
• Infection-associated TMA episode? most probably non-verotoxin. aHUS is 

less likely
• In case of new flare of TMA without an alternative explanation-

complement inhibitory therapy is absolutely indicated and genetic would 
be done!



CASE REPORT

• Discharged home after 30 days of hospital treatment
• Close monitoring by the OB-GYN and nephrologist
• Pronison in maintenance dose of 5 mg, discontinued after the birth
• Normal kidney function; the rest of the pregnancy uneventful
• Vaginal delivery without complications and gave birth to a healthy baby
• Normal kidney function and other blood tests in the postpartum period (2 

years now)
• Thanks to this case, complement inhibitory therapy placed on operative 

cantonal list for adult aHUS cases 



Thrombotic microangiopathy (TMA)
• Heterogeneous group of disorders characterized by microvascular 

thrombosis and end-organ damage

• Multiple etiologies, with pregnancy and postpartum being a high risk 

• pTMA results in high mortality ( ̴ 4.5 x) and morbidity (81% requiring 
dialysis and 46% ESKD)

• Identifying specific form of p-TMA is critical for appropriate and 
timely management

Urra et al. Kidney Int. 2024
Fremeaux-Bacchi V et al. Clin J Am Soc Nephrol. 2013

Chen HY et al. Int J Gynecol Obstet. 2023
Lim MY et al. Obstet Gynecol. 2023

Frimat M et al. Front Med (Lausanne). 2024





Fakhouri et al. Journal of Nephrology, 2021

Incidence of pCM-TMA in 1 in 25,000 pregnancies accounting for 7% of all TMA cases





CM-TMA

• CM-TMA results from overactivation of alternative pathway of 
complement

• Incidence  ̴ 1-2 cases PMP for adults aged ̴ 18 years ?

• Exact prevalence of aHUS unknown: 2.4-9.4 per million among aged <20 
and 4.9 per million in all ages

Gupta M et al. Pregnancy Hypertens. 2018
Tseng et al. JFMA. 2023



Urra et al. Kidney Int. 2024

- ̴ 60% mutations in regulating genes- CFH, CFI, MCP, and genes of 
complement component- CFB and C3
-Acquired deficiencies with Anti-FH Ab 5% to 20%
-Disease penetrance ̴ 50%- environmental trigger in most cases



• aFH Ab associated aHUS unique entity occurring at any age, more prevalent in 
pediatric population

• Up to ̴20%  caused by anti-CFH (aFH) Ab (24% in children and 19% in adults with 
aHUS)

• Some have genes encoding CFH-related proteins (CFHR1-5) and usually other genetic 
abnormalities

• Ab have impairing effect on regulatory function of FH causing dysregulation and
overactivity of complement pathway

• Imperative to diagnose aFH Ab qickly and to provide timely treatment

Shawky et al.  Int J Nephrol. 2021 
Raina et al. Front. Immunol. 2022



Yerigeri et al. Journal of Multidisciplinary Healthcare. 2023 

aHUS/c-TMA causes:
-50% of ESRD and 
-25% mortality 

Prognosis depends on: 
-delay of therapy
-severity and extrarenal involvement 



Clinical Features and Diagnosis

• Vary  widely, may present as nausea, vomiting, abdominal 
pain,diarrhoea, headache, altered mental status,hypertension  

• Renal impairment almost always seen and often more severe 
than TTP

• Genetic testing and FH Ab should be conducted in all patients-
important for risk of relapse and recurrence and duration of 
treatment. 

• But NOT USED TO MAKE A DIAGNOSIS of CM-TMA

Burwick RM et al. Hypertension. 2021
Java A et al. J Rheumatol. 2023



Yerigeri et al. Journal of Multidisciplinary Healthcare. 2023 



Tseng et al. aHUS: Consensus of diagnosis and treatment in Taiwan. JFMA. 2023



Treatment and Prognosis

• C5 inhibition current mainstray of treatment
 Eculizumab- humanized monoclonal antibody to C5 which blocks activation of terminal pathway and prevents MAC formation
 Ravulizumab- newer longer acting C5 inhibitor

• Prior to the approval of C5 inhibitors, PLEX was mainstay although overall efficacy was poor 

Rationale: 

 Reduce quantity of mutant protein and deliver functionally normal protein by plasma infusion

 Removing and decreasing titers of aFH Ab, and replenishing CF like FH and FI

 Plasma therapies still remain initial treatment of choice in countries where complement inhibitors are not available, or cost precludes its 
use

Fakhouri et al. Blood. 2020
Huerta A et al. Kidney Int. 2018

Kelly RJ et al. N Engl J Med. 2015



• No established best treatment for aHUS with FH Ab, but most efficient is PEX combined with immunosuppressant

• Immunosuppressants (prednisone, cyclophosphamide, azathioprine, mycophenolate mofetil, and rituximab) inhibit formation of Ab- also used as 
maintenance therapy 

• Close monitoring of Ab titers for 3-6 months due to risk of relapse following minor infection
• Another reason for relapse is cessation of PEX
• Eculizumab can be considered as additional therapy- provides better renal recovery, and in cases of severe extrarenal 

manifestations (serious cardiac or brain injury) 

• ...but none of these therapies by themselves have been effective in removing Ab

• Optimal duration of anticomplement therapy also remains unclear

• KDIGO Consensus Conference 2015- experts recommendation on case-by-case basis, at least 6 to 12 months of treatment 
and at least 3 months of stabilization of kidney function

• Close monitoring, and prompt reinitiation of treatment in relpase is crutial

Reina et al. Front Immunol. 2022
Schwartz J et al. J Clin Apher. 2016



• Promptly initiate treatment while awaiting diagnosis confirmation

• Prognosis of TTP: before PLEX survival was 10%, now in first episode is 80% to 90%

• iTTP treatment: Daily PLEX (1 to 1.5 plasma volume using FFP)

• Continue for minimum 2 days after normalization of neurological status, PLT and LDH, rising Hgb, 
taper rather than stopping abruptly to minimize risk of relapse

PLEX is effectively removing autoAb and VWF multimers while replacing functional ADAMTS13 
and FFP components

• ....and CS (oral prednisone 1 mg/kg/day).

Little et al. Kidney Int Rep. 2017 
Fakhouri F et al. Blood. 2020



Treatment- cTTP

• Administration of FFP (replaces deficient ADAMTS13)

• In severe cases PLEX may remove VWF multimers 

• New therapeutic arsenal- recombinant ADAMTS13

Fakhouri F et al. Blood. 2020



Tseng et al. aHUS: Consensus of diagnosis and treatment in Taiwan. JFMA. 2023



ASFA 2023



• Management: TPE and/or eculizumab with immunosuppression

TPE prescription:
• Plasma volume: 1-1.5 EPV
• Frequency: Daily
• Replacement fluid: Frozen plasma or frozen plasma/albumin
• Duration: Until adequate clinical response or Ab titer reduced to less than clinical threshold 

(similar to iTTP)

2023



• TPE/PLEX removes aberrant complement regulatory proteins, abnormally activated complement 
cascade components, and aFH Ab

• Does not address underlying genetic abnormality, and patients may not respond

• TPE is used as initial empiric treatment until other causes of TMA excluded, mutations confirmed,and 
to control crisis at presentation; subsequent therapy should consist of anticomplement therapy

• There is no “usual” course of TPE for these disorders, with therapy determined by patient response

• Suggested to continue TPE if there is ongoing organ response and discontinued, with initiation of 
eculizumab therapy, if patients are refractory to (failure to respond to TPE within 3 to 5 days) or 
dependent on TPE

Winters. Hemathology. 2017



CFHR1-3 deletion with anti-CFH Ab (n=1)- ESRD 
CFH (n=1)- ESRD 
CFB (n=2)
C3 (n=1) 
CD46 (MCP) (n=1), 
DGKE variation (n=1)



• Better response to plasma treatment was observed in children than in adults

• Rationale behind using TPE instead of infusion is that it also removes mutant circulating molecules and aFH Ab and allows administration 
of higher volumes of plasma without risk of fluid overload

• Plasma therapy could be beneficial in patients with mutations in circulating complement regulators

• In MCP mutations, plasma therapy did not affect outcome, for MCP is not circulating protein but this again decided on individual basis

• Response to TPE varies depending on mutation

• In CFH mutations, complete or partial remission was achieved in majority of plasma-treated episodes with less favorable results 
in CFI mutations

• Better responses occur among those with FH, C3, and aFH Ab (55%-80%) compared with those with FI mutations (25%)

Noris et al. Clin J Am Soc Nephrol. 2010 
Bresin et al. AJKD. 2013 



• Some reports  show that most patients carrying single-gene mutations undergo remission on plasma 
treatment  

• Others show  same in combined-mutated patients

• Careful genetic characterization, allowing prediction of disease phenotype and risk of post-transplant 
recurrences, could help selection of patients who may need and benefit most from anticomplement therapy

• Could be useful to exclude from anticomplement therapy patients with single MCP mutations who are 
reported to have good post-transplant outcome or patients with anti-CFH antibodies who may benefit from 
plasma exchange, steroids, or immunosuppression

Bresin et al. AJKD. 2013





• Despite limitations associated with metaanalysis of case studies, study provides enough aHUS cases to draw 
conclusions cautiously 

• Reports of aHUS cases and use of eculizumab significantly increased during last 5-year period which may be due to 
its approval by FDA and EMA in 2011 or may reflect growing interest in aHUS resulting in increased rates of 
publication

• PLEX remained most used initial treatment modality for aHUS as majority of analyzed patients and most CFH Ab 
positive cases underwent PLEX

• There was a decrease in CFH, CFI and MCP mutations in last 5-year period compared to precedent for unknown 
reasons

• Although significant reduction in mortality rate was observed with eculizumab, there were no differences in time to 
resolution of symptoms or serum creatinine or platelet normalization with the eculizumab or plasma therapy

• aHUS is acute and life-threatening, so PLEX may be initiated before confirmed diagnosis and in patients positive
for CFH Ab



Complications of PLEX

Cervantes et al. AJKD. 2023 



PEX remain mainstray of therapy for aHUS in many developing regions 
including India for eculizumab is not available and is prohibitively expensive

It is not marketed in large parts of Asia and Africa, leading nephrologists to 
rely on plasma therapy

More than half of patients had anti-FH Ab associated aHUS

Combining PEX with immunosuppression is useful in anti-FH associated 
disease

Trend towards better outcomes in patients with Ab, but overall outcomes 
were comparable between patients with and without anti-FH aHUS

Potential reasons for better outcomes in anti-FH negative patients as 
compared to previous reports are exclusive use of PEX instead of plasma 
infusions and timely initiation of PEX 

PEX is safe and effective in inducing hematological remission and resolving 
renal dysfunction

In absence of access to eculizumab, PEX remains a reasonable alternative in 
patients with aHUS

Rates of procedure and access related AE are low, even in young children

aHUS



CONCLUSIONS

• cTMA/aHUS is organ and life-threatening condition for which prompt initiation of curative, but also empiric and supportive 
therapy  is of great  importance

• There is no diagnostic test for aHUS and complement assays and results of gentic tests are not required for diagnosis at acute phase

• PLEX is important initial therapy if high clinical suspition of aHUS  and in countries where eculizumab is difficult to attain or 
resources are limited, it is reasonable alternative

• Although terminal complement inhibition is effective and suggested as first line therapy in recent years, main limitations is its cost
and unavailability in some countries and it also brings significant risks that could be life-threatening including severe infections and 
allergic reactions

• Alternative approaches, including PLEX, are certainly needed and research on these approaches, varied responsiveness to PLEX, 
dialysis, and eculizumab may guide future directed therapy

• Short- and long-term management of patients with aHUS should be tailored individually considering the patient’s clinical course, 
underlying genetic abnormality and current conditions of healthcare systems of countries

• Extensive research is undertaken on genetic studies, gene editing, and biosimilar drugs. Research should also focus on quicker and 
more readily available diagnostic modalities that will ensure timely management and rehabilitation
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