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Learning objectives

1. Recognizing hTTP
 Presentation / Diagnosis

2. Epidemiology

3. Understand the burden 
of hTTP

4. Management
 Plasma treatment
 New developments



Introduction

• Hereditary / congenital TTP = Upshaw-Schulman 
syndrome (OMIM #274150)

• A specific form of thrombotic microangiopathy (TMA)

• Characterized by severe congenital ADAMTS13 
deficiency

• Autosomal recessive inheritance
• Caused by mutations in the ADAMTS13 gene (Chr. 9q34)                                 

>200 causative mutations known

• Ultra-rare disease



Introduction

Kremer Hovinga JA & George JN.
N Engl J Med 2019;381:1653-62



1. Clinical Picture of hTTP – Presentation and Diagnosis

SYLVIA
• 38-yr-old, previously healthy

– 1st pregnancy, preeclampsia, IUFD* GA 26 2/7 wks

• 2nd pregnancy, GA 185/7 wks, 

– mild hypertension, mild edema, IUGR ~3weeks

– GA 190/7 weeks: 2nd IUFD; placenta with signs of 
chronic malperfusion & 50% infarction 

•Lab: Platelets 37x109/L; hemoglobin 85 g/L, MCV 89fl, 
schistocytes ++, LDH 1163 U/L; creatinine 88 mol/L; 
liver enzymes normal; INR 1.2

– Plasmic score 5/7 points



1. Clinical Picture of hTTP – Presentation and Diagnosis

SYLVIA
•ADAMTS13 activity <5%, functional inhibitor &                

anti-ADAMTS13 antibodies negative

•ADAMTS13 gene analysis: 
– IVS12, c.1436 -2 A → T (splice site mutation ?)

–exon 25, c.3283 C → T, p.R1095W

…. Lost to follow-up with suspected hTTP diagnosis

•Jan 2021 (43.5y) – stroke w. left-sided hemiparesis
– arrived in ER <6h –> stroke protocol with thrombolysis

– followed by plasma infusions > full recovery

– now prophylaxis w 600ml plasma (11ml/kg bw)/14dys



2. Epidemiology

• ADAMTS13 <10%, 
• anti-ADAMTS13-Abs / functional 

inhibitor

• ADAMTS13  t1/2 ↓
• spontaneous ADAMTS13 ↑ in 

remission

• Female: Male ratio ~2.5-3.5:1

• Additional auto-immune disorders 
(e.g. SLE)

• Incidence ca 2 cases / 1 million

ACQUIRED (iTTP)
Immune-mediated TTP

• ADAMTS13 <10%, 
• no Inhibitor                                

• full recovery of plasma infused & 
t1/2 2-4days

• ≥2 ADAMTS13 mutations

• Female: Male ratio ~1:1

• ADAMTS13 ~50% in “obligatory 
carriers”

• Prevalence estimates

HEREDITARY (hTTP/cTTP)
Upshaw-Schulman syndrome

Kremer Hovinga JA et al. Nat Rev Dis Primers. 2017;3:17020ff
Scully M et al. JTH 2017;15:312ff



2. Epidemiology – Context of ADAMTS13 <10%

Joly BS et al. Blood 2017;129:2836ff



2. Epidemiology

• Ultra-rare disease

• Prevalence estimate ~0.5 – 2 cases / million



2. Epidemiology

Hereditary TTP in Norway

Von Krogh AS et al. JTH 2016;14:73f



2. Epidemiology

• Ultra-rare disease

• Prevalence estimate ~0.5 – 2 cases / million

Japan   65 cases / 130    Mio     → 0.5 case  / 1 million
Switzerland 9 cases /      8.4 Mio    → 1 case      / 1 million
Czech Republic 18 cases /   10.5 Mio    → 2 cases     / 1 million
Norway 21 cases /     4.5 Mio    → 4.5 cases  / 1 million

 Many patients known to us, have not been published or enrolled in registries

Blood Adv. 2019;3(23):3973ff
Review of published cases: 
155 patients in 122 families



2. Epidemiology

Kremer Hovinga JA et al; 
JTH 2018:16:618-29

ADAMTS13 Chr. 9q34 – 37 kb; cDNA 4.1 kb
ADAMTS13 1427 AA – MW ~150kD; in gel MW 180-190kD (glycosylation)



3. Understand the burden of hTTP

van Dorland HA et al. 
Haematologica 2019;104:2107ff



3. Understand the burden of hTTP

van Dorland HA et al. 
Haematologica 2019;104:2107ff

TODAY: 
145 confirmed patients
> 50 family members



3. Understand the burden of hTTP

van Dorland HA et al. 
Haematologica 2019;104:2107ff

Vertical arrow: Patient example 
– disease onset in neonatal period, clinical diagnosis of hTTP 22 years later
– confirmation of hTTP by ADAMTS13 testing 21years after clinical diagnosis



3. Understand the burden of hTTP

van Dorland HA et al. 
Haematologica 2019;104:2107ff



3. Understand the burden of hTTP

1.) Alwan F et al. Blood 2019;133:1644f
2.) van Dorland HA et al. Haematologica 2019;104:2107f
3.) Bogorovic & George. Blood Adv 2019;3;3973f

UK registry
2019 1

International registry           
2019 2

Review of hTTP cases 
2019 3

Patients (females, %) 73 (51; 79%) 123 (62;52%) 155 (89; 57%)

Age at diagnosis median 
(range)

24 y 
(newborn - 71 y)

17 y 
(newborn - 70 y)

15 y 
(newborn - 77 y)

First symptoms median 
(range)

18 y 
(newborn - 67 y)

5 y 
(newborn - 70 y)

11 months
(newborn - 63 y)

TIA/stroke (n; %) 18 (25%) 37 (31%) 40 (26%)
19 y (1 d - 77 y)

Myocardial infarction 0 (0) 5 (4%) 5 (3%)

Death 5 (7%) 5 (4%) 13 (8%) 
23 y (newborn - 79 y)

Diagnosis and arterial events in reported hTTP cases



3. Understand the burden of hTTP

Residual ADAMTS13 activity and disease onset

Correlation: 
ATS13 activity & age at overt onset: 
rs=0.25 (p<0.01)

van Dorland HA et al. 
Haematologica 2019;104:2107ff



3. Understand the burden of hTTP

Circumstances of / risk periods for hTTP episodes 

Kremer Hovinga JA & George JN.
N Engl J Med 2019;381:1653-62

van Dorland HA et al. 
Haematologica 2019;104:2107ff



4. Treatment 

Upshaw’s case
• 29y female; w. lobster hand; moved to US from Germany; there 

she had been diagnosed with ITP

• 0-12y: 6-10 episodes/y w. acute onset high fever; petechial rash; 
clinically diagnosed infection; laboratory: severe 
thrombocytopenia & anemia; schistocytes on blood smear

• After 12y: 3-4 episodes/y; 
between 1966-1977 total of 32 acute episodes documented

• 5/32 spontaneous

• 18/32 precipitating infection

• 9/32 other precipitating factors (surgery; pregnancy;..)

Upshaw. NEJM 1978;298:1350f



4. Treatment 

Upshaw’s case
• Splenectomy (aged 2y) and steroids – without effect; 

• Plasma containing blood products:

Upshaw. NEJM 1978;298:1350f



4. Treatment

Blood 2017;130:2055-2063



4. Treatment

1.) Scully M et al. Blood 2017;130:2055f
2.) Furlan M et al. Thromb Haemost. 1999;81:8f
3.) Kovarova P et al. J Clin Apher 2019;34:13f

rADAMTS13 terminal t1/2 59.2h (= 2.5 days) 1

pdADAMTS13   2.1 – 3.3 days 2

pdADAMTS13   2.1 – 3.5 days 3



4. Treatment

1.) Alwan F et al. Blood 2019;133:1644f
2.) van Dorland HA et al. Haematologica 2019;104:2107f

UK registry
2019 1

International registry           
2019 2

Patients (females, %) 73 (51; 79%) 123 (62;52%)

Age at diagnosis median (range) 24 y 
(newborn - 71 y)

17 y 
(newborn - 70 y)

Regular prophylactic plasma 
therapy (Children / Adults)

67%
(94% / 61%)

71%

On Demand 12% 29%

Never had plasma therapy 21% -

Treatment interval, median (range) - 14 dy (2-21 dy)

Functional ADAMTS13 inhibitor Not reported 0/114 tested

Anti-ADAMTS13 antibodies Not reported 12/103 tested



4. Treatment 

International hTTP Registry – Prospective follow-up        

Tarasco E et al. 
Blood 2021;137:3563f



4. Treatment 

International hTTP Registry – Prospective follow-up        

• Prospective episodes & prophylaxis (n=87 hTTP patients)

Tarasco E et al. 
Blood 2021;137:3563f



4. Treatment 

International hTTP Registry – Prospective follow-up

Tarasco E et al. 
Blood 2021;137:3563f



Take-home message

• hTTP is rare and likely underreported

• Episodes despite plasma prophylaxis
• Situations of increased risk: Neonatal period, pregnancy

• Prevention of acute episodes vs. of long-term sequels

• Incidence of episodes in children > adults

• Inhibitor formation following exposure to plasma-
derived ADAMTS13 seems low

• Residual ADAMTS13 activity only partially explains 
phenotype/severity                                                                     
(age at first disease manifestation; number of episodes; etc.)

• Additional, so far unknown disease modifiers likely

• Phase 3 trial on rADAMTS13 under way – First data at ISTH / ASH ?



Take-home message

Tarasco E et al. 
Blood 2021;137:3563f

Highest benefit from prophylactic treatment



The Hereditary TTP Registry  Acknowledgement: Team Bern and International 
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