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Thrombotic microangiopathies (TMA)

1. Thrombocytopenia

2. Hemolytic anemia (non-immunological)

3. Microvascular ischemia (parenchymal organs)
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Disseminated intravascular coagulation DIC

– Coagulation activation - microthrombosis

– Platelets, fibrinogen, coagulation factor consumptions
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HemolysisElevatedLiverenzymesLowPlatelets

– No microthrombosis

THROMBOTIC THROMBOCYTOPENIC PURURA TTP

Moschcowitz syndrome
Hemolytic uremic syndrome (HUS)

Antiphospholipid syndrome (APS)

Idiopathic thrombocytopenic purpura ITP

Heparin induced thrombocytopenia (HIT) 
– No anemia
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Due to ADAMTS13 deficiency  the 

VWF is not cleaved. The platelets are 

bound to the long, adhesive VWF and 

form microthrombosis and platelet 

levels decreased in the blood. The 

RBC are fragmented by the 

microthrombosis inducing hemolysis.

Agren A et al, Läkartidningen 2018 Mar 16;115



TTP is linked to a classic pentad

1. Thrombocytopenia (100 %)

2. Microangiopathic hemolytic anemia (100 %)

3. Neurological symptoms (about 60 % half with mild symptoms)

4. Kidney impact (30 %)

5. Fever (20 %)

NOTE! In pregnancy, the liver may commonly be affected
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TTP is difficult to distinguish from it

much more common preeclampsia /

HELLP Syndrome…

Agren A et al, Läkartidningen 2018 Mar 16;115
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Previously healthy 22-year-old woman, pregnancy week 31 presented with fatigue, 
diarrhea and bruising, and intrauterine fetal death was diagnosed in the hospital.

BP 150/105  mmHg, Hb 34 (ref. > 117 g/L), platelets 25 (ref. > 165 x 109/L ), normal 
WBC, LD 40 (ref. < 3.5 µkat/L), increased AST and ALT, both > 5 (ref. < 0.7 µkat/L).

First diagnosis - HELLP syndrome. Cortisone and tranexamic acid, erythrocyte and 
platelet concentrates transfusion. Vaginal delivery  complicated by placental retention. 

3 days later liver status improved, but platelets decreased 25 x 109/L, Hb 61 g/L and 
LD 32 µkat/L, haptoglobin immeasurable, bilirubin slightly increased while 
reticulocytes increased. No bleeding. ITP? High dose cortisone and immunoglobulins. 

A few days later, no platelets increase, coagulation consultant suspected thrombotic 
thrombocytopenic purpura (TTP). Schistocytes in peripheral blood smear.

Low ADAMTS-13 and no detectable antibodies.

Daily plasmapheresis. The results were normalized and she was discharged from the 
hospital a week later.
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Three months later, pregnant again

To prophylactically increase  ADAMTS13 with the goal of achieving at least 15% of 

normal value, treatment with plasma 400 ml once a week. 

Despite the treatment, symptoms of bruising during pregnancy week 36. Hb 109 g/L, 

platelets 32 x 109/L, LD 7 µkat/L, AST and ALT 3 µkat / L. Plasmapheresis started and 

she became symptom free.

Induced delivery was complications-free in week 36 + 6. The child was closely 

monitored with normal level of Hb, platelets, bilirubin, and ADAMTS-13 activity. 

Both mother and child were well and discharge from the hospital a few days later.
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Laboratory findings in TTP

1. Low Hb and signs of hemolysis, i.e. high LD, high bilirubin, high 

number of reticulocytes and low haptoglobin

2. Schistocytes on blood smear

3. No RBC antibodies, negative direct antiglobulin test

4. Pronounced thrombocytopenia

5. Low ADAMTS-13 level (<5 %) (antibodies)

6. PT (INR), APTT, fibrinogen, D-dimer and antithrombin usually 

normal or mildly affected

IMPORTANT! In pregnancy the liver may also be affected
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Diagnosis Thrombocytopenia Blood 

pressure

Neurological 

symptoms

Liver 

symptoms

Renal 

symptoms

Occurrence Course after 

delivery

ADAMTS-13

Preeclampsia

/HELLP

Moderate High Headache and 

visual problems 

rare stroke and 

seizures

Severe Different 

severity

From 

pregnancy 

week 20 to 3 

days after 

delivery

Improvement 

3-5 days after 

delivery

Normal or 

mildly 

decrease

TTP Severe Normal 30% mild 

symptoms

30%  impaired 

consciousness

Mild/ 

moderate

Mild Entire 

pregnancy 

and few 

weeks after 

delivery

No 

improvement

<5%

Agren A et al, Läkartidningen 2018 Mar 16;115



2019-10-01JPA TMA & ADAMTS-13 laboratory Werfen Bucharest 14

Williams LA et al, Am J Clin Pathol 2016; 145: 158-65
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A 21-year-old white woman, no medical history transferred from another hospital due 
to worsening of anemia (Hb 77 g/L) and thrombocytopenia (platelets 45 x 109/L). After 
normal pregnancy, an elective caesarean section the previous day for delivery of first 
child. Morning after surgeryshe got severe abdominal and lower back pain.

Vital signs were within normal limits, Hb 74 (113-152 g/L); MCV 93 (80-96 fL); 
reticulocytes, 2.8 [0.7%-2.4%]), platelets 41 [150-400 x109/L]), and 3-4 schistocytes 
per x 100 power field. Hemolysis indirect bilirubin of  4.7 (0.2-0.7mg/dL), haptoglobin 
4 (33-200 mg/dL), and LDH of 1 832 (<200 IU/L), creatinine of 4.1 (0.6-1.2mg/dL). 
Liver enzymes normal no proteinuria. Negative direct antiglobulin test (DAT), and 
screening coagulation tests (ie, PT, PTT and fibrinogen) were within normal limits. 

Plasma exchange (PE) for the presumptive diagnosis of postpartum TTP started 
immediately following the collection of blood samples for ADAMTS13 to confirm the 
diagnosis of TTP.

After two daily TPE, the ADAMTS13 61%. PLASMIC score 4, placing her in the low-
risk category for having TTP. Platelet increased 68 x 109/L, LDH decreased 870 IU/L, 
creatinine decreased 3.2 mg/dL. 
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The most likely diagnosis was aHUS. PE was discontinued eculizumab started. Two 
months later, genetic testing revealed a mutation in complement factor H. Over an 8-
month period, she received monthly injections of eculizumab, and her primary care 
physicians reported an excellent clinical and laboratory response, with near 
normalization of her creatinine.
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Williams LA et al, Am J Clin Pathol 2016; 145: 158-65
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APS pathogenesis - still a matter of debate

different mechanisms involved in the vascular and the obstetrical 

manifestations of APS 
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42-year-old women, no children, works in sales, non-smoker diagnosed with  SLE in 

the `80s (photosensitivity, malar rash, arthritis, hair loss, ANA positivity)

1992 diagnosed with APS after eclampsia and miscarriage in the late pregnancy, 

associated with cardiac arrest (most probably catastrophic APS) 

2005 epileptic seizures, treated with carbamazepine in 3 years

Single kidney, impairment of renal function

SLE symptoms under control during treatment with low dose Prednisolon

Anticoagulant treatment: Warfarin, INR 2-3

2011 pulmonary infiltrates – SLE (inflammation) related.  Started azathioprine

January 2012 new epileptic seizures levetiracitam started
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Hospitalized due to cough, fever, fatigue, weight loss ongoing treatment: Prednisolon

10mg; azathioprine 150mg and Warfarin INR 2-3

Laboratory: RBC 3.2 (ref. 3.9-5.2 x 1012/L), WBC 2.8 (ref. 3.5-8.8 x 109/L), Platelets 96 

(ref. > 165 x 109/L), CRP 103 (ref. < 3mg/L), SR 85 (ref. < 20mm), creatinine 150 (ref. 

< 90 mmol(L), complement activation, ANA Ø, proteinuria

HRCT thorax: pulmonary infiltrates in the upper part of the right lung – difficult to 

exclude bleeding or malignancy 

Pancytopenia and renal involvement due to SLE activity                               

Prednisolon 60mg + Cellcept 500mgx2

Laboratory: CRP 1, SR 50, creatinine 152

Warfarin               LMWH 5 days before the transthoracic lung biopsy on April 17th
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On April 16th admitted to hospital due to weakness, increased heart rate

Laboratory SR 97, Platelets 37 - 24, RBC 2.0, Hb 85(ref. > 117 g/L) ,  reticulocytes 

202 (ref. < 115 109/L), WBC 4.0 creatinine 224

LAC positive, Cardiolipin-Ab (IgG) >120 (<10E/mL) β2-GPI-Ab (IgG)>100 (<5E/mL)

Diff. Diagnosis:

►► Hemolytic anemia due to APS/SLE activity?

►► HEPARIN INDUCED THROMBOCYTOPENIA (HIT)?
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4 T’ score (4)

ID-PaGIA +

IgG specific ELISA +

Heparin induced platelets aggregation +
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Gupta M et al, Pregnancy Hypertens 2018; 12: 29-34



Syndrome

Hypertension / 

Preeclampsia / 

Eclampsia

HELLP

TTP

(a)HUS

SLE/APL

DIC

Laboratory

Platelet count RBC, Hb,  

schistocytes, DAT Ø LDH,  

haptoglobin, AST, ALT 

Creatinine

ADAMTS-13

ANA, LA, cardiolipin Ab

Fibrinogen, D-dimer, PT, 

coagulation factors
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PE HELLP TTP (a)HUS SLE/APS DIC

BP   → → → 

Platelet count      

RBC      

Schistocytes     → 

LD     → 

ASAT/ALAT →  → → → →

Creatinine → →    →

ADAMTS-13 → →   → →

bacteria Ø Ø Ø (+) Ø +

ANA/LA/ACA Ø Ø Ø Ø + Ø

PT (INR) → → → → → 

D-dimer → →   → 
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2019-10-01

 TMA is clinico-pathological syndrome

 PE/HELLP vs TTP/HUS vs SLE/APS vs DIC

 Simple laboratory tests useful

 Specific ADAMTS-13
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TTP/HUS Laboratory investigation of ADAMTS-13

– FRET (fluorescence resonance

energy) assay

– Requires specific fluoremeter

– ELISA assay

– Manual

– 4-5 hours

– Simple plate reader
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Monoclonal antibody to VWF 73 peptide
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Technoclone ADAMTS-13 ELISA

”Prov som skickas till laboratoriet kan vid akuta fall analyseras närmast 

följande vardag. Det ska framgå på remissen att det är akut och ALLTID 

stödjas av resultat på LD och Shistocyter. Övriga prover analyseras en gång 

per vecka.” 

Technoclone ADAMTS-13 ELISA

“Samples that are sent to the laboratory can be analyzed in 

emergency cases next weekday. It should be stated on the referral that 

it is urgent and ALWAYS supported by results on LD and 

Schistocytes. Other samples are analyzed once a week. "

Practically 3-4 times / week

Analysis take > 4 hours

Unsustainable

https://www.karolinska.se/KUL/Alla-anvisningar/Anvisning/10178


TECHNOSCREEN ADAMTS-13
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43 samples previosly tested with TECHNOZYM ADAMTS-13 ACTIVITY
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80%
Kontroll0% Kontroll

ELISA % SCREEN % RESULT ELISA % SCREEN % RESULT ELISA % SCREEN % >UTFALL

13,7 10
FALSE 

PATHOLOGICAL
6,9 10 PATHOLOGICAL 29,1 10

FALSE 
PATHOLOGICAL

0 0 PATHOLOGICAL 10,3 10 PATHOLOGICAL 19,4 10
FALSE 

PATHOLOGICAL

3,9 0 PATHOLOGICAL 9,8 10 PATHOLOGICAL 74,2 40 NORMAL

4,1 10 PATHOLOGICAL 0 0 PATHOLOGICAL 80,4 80 NORMAL

8,6 10 PATHOLOGICAL 8,4 10 PATHOLOGICAL 76,5 80 NORMAL

1,6 10 PATHOLOGICAL 11,9 10
FALSE 

PATHOLOGICAL
75,4 40 NORMAL

0,15 0 PATHOLOGICAL 17,7 10
FALSE 

PATHOLOGICAL
96,5 LIP/IKT

4,5 10 PATHOLOGICAL 24,2 40 GREYZONE 50,1 80 NORMAL

0 0 PATHOLOGICAL 10 10 PATHOLOGICAL 45,8 LIP

1,5 10 PATHOLOGICAL 7,9 10 PATHOLOGICAL 50,4 80 NORMAL

2 10 PATHOLOGICAL 7,9 10 PATHOLOGICAL 53 10
FALSE 

PATHOLOGICAL

0,6 10 PATHOLOGICAL 34 40 GREYZONE 58 40 NORMAL

9,4 10 PATHOLOGICAL 13,3 40 GREYZONE 59,4 10
FALSE 

PATHOLOGICAL

5,2 10 PATHOLOGICAL 30,3 80 NORMAL 57,6 80 NORMAL

9,6 10 PATHOLOGICAL 10,2 0 PATHOLOGICAL

RED: PATHOLOGICAL ≤ 10%,   GREEN : NORMAL ≥ 40%, GREYZONE:>15%-40%



Lot 1 (n = 86) Lot 2 (n = 93)

Sensitivity % 100 96.3

Specificity % 66.7 75

PPV % 87.1 89.7

NPV % 100 90

Site 1 (n = 

86)

Site 2 (n = 

93)

Combined (n 

= 179)

Sensitivity % 94.7 96.5 95.6

Specificity % 81.8 86.1 84.0

PPV % 97.3 91.7 94.5

NPV % 69.2 93.9 81.6

TECHNOSCREEN ADAMTS-13
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True pathologic 23

False pathologic 7

True normal 12

False normal 0

SENSITIVITY 100%

SPECIFICITY 61%(73%)

Moore, ISTH 2019Griffiths et al, ISTH 2019
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Moore, ISTH 2019
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Moore, ISTH 2019
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PROPOSAL

➢ THROMBOCYTOPENIA

➢ Schistocytes and LD obligatory no testing without

➢ If high Techoscreen ADAMTS-13 special coagulation Mo-Fr: 9-15

➢ If 0 clear deficiency (probably < 2%) - confirmation not necessary 

quantification and antibodies ELISA

➢ ≤ 0.1 likely to be deficient (< 10 – 12 %) - confirmation and quantification

➢ ≥ 0.4 No deficiency other diseases, aHUS cannot rule out (PLASMIC 

score?)

➢ Confirmation and quantification antibodies once a week Wednesday?

➢ Acustar?
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Mancini I et al, Thromb Haemost 2019; 119: 695-704
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ACCUSTAR HEMOSIL ADAMTS-13

43 samples previosly tested with TECHNOZYM ADAMTS-13 ACTIVITY
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ELISA % ACCUSTAR % RESULT ELISA % ACCUSTAR% RESULT ELISA % ACCUSTAR % >UTFALL

13,7 9,5
FALSE 

PATHOLOGICAL
6,9 4,3 PATHOLOGICAL 29,1 24,8 GREYZONE

0 <0,2 PATHOLOGICAL 10,3 7,1 PATHOLOGICAL 19,4 14,2 GREYZONE

3,9 2,1 PATHOLOGICAL 9,8 7,1 PATHOLOGICAL 74,2 80,3 NORMAL

4,1 2,6 PATHOLOGICAL 0 <0,2 PATHOLOGICAL 80,4 70,6 NORMAL

8,6 5,2 PATHOLOGICAL 8,4 4,2 PATHOLOGICAL 76,5 73,4 NORMAL

1,6 0,9 PATHOLOGICAL 11,9 11,3 GREYZONE 75,4 60,3 NORMAL

0,15 0,5 PATHOLOGICAL 17,7 13,6 GREYZONE 96,5 57 LIP/IKT NORMAL

4,5 2,6 PATHOLOGICAL 24,2 24,3 GREYZONE 50,1 39,9 NORMAL

0 0,4 PATHOLOGICAL 10 10 PATHOLOGICAL 45,8 46,5 LIP NORMAL

1,5 0,8 PATHOLOGICAL 7,9 10 PATHOLOGICAL 50,4 60,2 NORMAL

2 1 PATHOLOGICAL 7,9 10 PATHOLOGICAL 53 59,6 NORMAL

0,6 0,5 PATHOLOGICAL 34 40 GREYZONE 58 48,3 NORMAL

9,4 7,2 PATHOLOGICAL 13,3 40 GREYZONE 59,4 65,2 NORMAL

5,2 3,7 PATHOLOGICAL 30,3 27,8 GREYZONE

9,6 8 PATHOLOGICAL 10,2 7,9 PATHOLOGICAL

RED: PATHOLOGICAL ≤ 10%,   GREEN : NORMAL ≥ 40%, GREYZONE:>15%-40%
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SENSITIVITY 100%

SPECIFICITY 95%

Bias -14%

Valsecchi et al, ISTH 2019

True pathologic 23

False pathologic 1

True normal 19

False normal 0

Kappa = 

0.97

FRETS Total

Hemosil < 10% ≥ 10%

< 10 % 44 0 44

≥ 10% 2 130 132

Total 46 130 176

Kappa = 

0.97

TECHNOZYM Total

Hemosil < 10% ≥ 10%

< 10 % 44 0 44

≥ 10% 1 131 132

Total 45 131 176
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PROPOSAL

➢ THROMBOCYTOPENIA

➢ Schistocytes and LD obligatory no test without

➢ If high Hemosil ADAMTS-13 special coagulation Mo-Fr: 9-15    

(routine coagulation all days 08-19)

➢ If ≤ 10% clear deficiency - confirmation not necessary antibodies 

(ELISA?)

➢ 10-40%  grey zone 

➢ > 40% no deficiency other diseases

➢ > 10% aHUS cannot rule out (PLASMIC score?)
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Williams LA et al, Am J Clin Pathol 2016; 145: 158-65

PLASMIC score
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