Hematomorphology of Microangiopathic
HemolyticAnemia
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TERMINOLOGY

Microangiopathic hemolytic anemia (MAHA)

** Non-immune hemolysis (ie, Coombs-negative hemolysis) resulting from intravascular red blood cell
fragmentation that produces schistocytes on the peripheral blood smear

+» Abnormalities in the microvasculature, including small arterioles and
capillaries, are frequently involved.

*»* Intravascular devices such as a prosthetic heart valve or assist devices
may also cause MAHA v
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TERMINOLOGY

Thrombotic microangiopathy (TMA)

Not all episodes of MAHA are caused by a TMA, and not all TMA will present with MAHA and thrombocytopenia
» Some syndromes present with TMA limited to the kidney

» A specific pathologic lesion in which abnormalities in the vessel wall of arterioles and capillaries lead to
microvascular thrombosis

MAHA Micro thrombosis

Microangiopathic

Thrombotic microangiopathy (TMA)

anemia Thrombocytopenia
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Primary Thrombotic Microangiopathy Syndromes

Disorder
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ADAMTS13 deficiency-mediated TMA
(also called TTP)

Complement-mediated TMA (also
called atypical HUS)

Metabolism-mediated TMA
Coagulation-mediated TMA
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ADAMTS13 deficiency-mediated TMA
(also called TTP)

Shiga toxin-mediated TTP (also called
Stx-HUS)

multiple
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Drug-mediated TMA (toxic)
Complement-mediated TMA

Cause

Willebran

Mutations

leading

Laboratory Features

%; Mutation
to

of complement
Mutations in MMACHC Mutation analysis
Mutations in DGKE, PLG, THBD Mutation analysis

resence
ody

r shlga toxin

Treatment

Plasma exchange

Eculizumab

Vitamin B12

Plasma infusion

Plasma exchange

supportive

Discontinue drug

Discontinue drug

Plasma exchange,

anticomplement drug |



Primary

hrombotic microangiopathy (TMA) CAUSES

Secondary

Thrombotic Atypical or complement-
thrombocytopenic purpura Hemolytic uremic syndrome mediated hemolytic uremic
(TTP) syndrome
Malignant hypertension Pre-eclampsia/eclampsia HELLP syndrome

Vasculitis

Scleroderma renal crisis

Antiphospholipid antibody
syndrome

Disseminated intravascular
coagulation (DIC)

Metastatic cancer

Prosthetic cardiac valves

Organ transplant rejection

Stem cell transplantation

Medications




Verify MAHA and thrombocytopenia

) starting with a thorough history and physical examination :
* guides selected use of laboratory tests rather than a battery of tests to confirm or
exclude a large number of diagnoses

) The first step is examination of the patient's peripheral blood smear

* This requires review of the blood smear by a hematologist or other clinician with
expertise in TMA syndromes, or experienced laboratory personnel

Evaluation of the Peripheral Blood Smear + LAB TESTS

o Examination of the PBS is an inexpensive but powerful diagnostic tool
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o Itis becoming a "lost art”, it provides rapid, reliable access to information about a variety of hematologic

disorders
o A trained eye will also appreciate other subtleties of morphology that may be undetected by automated review

o Howell-Jolly bodies ,Heinz bodies, Basophilic stippling , Nucleated red blood cells



Initial Evaluation (all patients)

Suspected TMA

v

MAHA and thrombocytopenia confirmed

Underlying condition
(commeon in adults,
uncommeon in children)
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Infant/child

v

Bloody diarrhea

1
Adult

Kidney injury
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= DIC

= Infection

= Malignancy
= Preeclampsia/HELLP syndrome
= Severe hypertension

= Systemic rheumatic disease

= Hematopoietic cell transplant
= Solid organ transplant

*
*
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No Yes No/minimal Yes
|
|
Acute
= Complement-mediated TMA = Shiga-toxin HUS | | = TTP = Drug-induced TMA (immune) | | ® Drug-induced TMA | | = Focus on underlying condition

= Metabolism-mediated TMA

= Coagulation-mediated TMA

= Hereditary TTP

= Acquired TTP (uncommon)

= Drug-induced TMA (uncommon)

= Shiga-toxin HUS

= Complement-mediated TMA
= Metabolism-mediated TMA
= Coagulation-mediated TMA
= TTP (less likely)

(non-immune)
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The Challenging Management of Acute Thrombotic Microangiopathy

U Decision to use plasma exchange before diagnosis is known

* |Initiating therapeutic plasma exchange (TPE) treatment for TTP is urgent

The initial evaluation must balance the level of confidence in a TTP diagnosis versus the suspicion of

another etiology for the MAHA and thrombocytopenia
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The PLASMIC score can be easily calculated using findings available on presentation and has been devised to
predict the likelihood of ADAMTS13 activity <10 percent

Recent Advances in the Management of Microangiopathic Hemolytic Anemias (MAHA): A Narrative Review.DOI: 10.7759/cureus.47196



TTP

A presumptive diagnosis of immune TTP based on clinical features and initial laboratory testing
It took until 1982 before ULVWF multimers were first described

Patient with Thrombotic

Was first described in 1925 in a case
-report of a 16-year old girl presenting
with fever, hemolytic anemia, severe
pain, coma and eventually death

TTP is a rare disease with a prevalence
of approximately 10 cases per one

million people

Is two-fold more frequent in women

than in men

TTP remains a life-threatening disease
with a mortality rate of 10-20%
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A
In 1998, two research groups described a VWF cleaving protease in TTP
In 2001, this proteolytic enzyme was identified



EVALUATION AND DIAGNOSIS

A presumptive diagnosis of immune TTP based on clinical features and initial laboratory testing

O TTP should be suspected when a patient presents with :

* Hemoglobin almost always <10 gm/dL)

* Severe thrombocytopenia (platelet <30,000/microl)

e with or without symptoms of organ involvement and without another clinically apparent etiology

6 to 7 points — high probability of TTP

The PLASMIC score 5 points — intermediate probability of TTP

0 to 4 points — low probability of TTP

* Platelet count <30,000/microL
* Hemolysis
* (reticulocyte count >2.5 percent, undetectable
haptoglobin, or indirect bilirubin >2 mg/dL)
* No active cancer
* No solid organ or stem cell transplant
« MCV <90 fL
* INR<1.5
* Creatinine <2.0 mg/dL

Other evaluations

Complete blood count (CBC) with platelet count
Review of the peripheral blood smear

Serum chemistries including creatinine

Serum lactate dehydrogenase (LDH)

Serum bilirubin level

Serum haptoglobin level

Coagulation testing (PT, aPTT, fibrinogen, D-dimer)
Direct antiglobulin (Coombs) test (DAT)
ADAMTS13 activity and inhibitor testing



ADAMTS13 testing

By definition, the ADAMTS13 activity is less than 10% in TTP patients

=  Apart from ADAMTS13 activity, also ADAMTS13
antibodies need to be measured to differentiate
immune-mediated from congenital TTP, since this has
therapeutic consequences.

= Activity <10 percent is not 100 percent sensitive or
specific for TTP, and laboratory values alone cannot
be used to make or exclude the TTP diagnosis

= |n summary, severe ADAMTS13 deficiency
(activity <10 percent) supports the clinical diagnosis
of TTP and confirms the diagnosis in a patient with
MAHA and thrombocytopenia without another
obvious cause

DOI: 10.7759/cureus.47196

Severe deficiency (activity <10 percent)

This finding typically confirms the diagnosis of TTP in the
appropriate clinical setting

Very low activity (11 to 20 percent)

may occur in patients with TTP who have received transfusions
or after TPE

Low activity (21 to 60 percent)

in many hospitalized patients with inflammatory disorders
(sepsis, malignancy)

Normal (>60 percent)
an etiology for the clinical findings other than TTP



ISTH guidelines for the diagnosis of thrombotic thrombocytopenic purpura 2020

Evaluate pretest probability of TTP
Based on clinical judgement or a risk assessment model

!

Patient with HIGH (= 90%) pretest
probability of TTP

|

Start TPE + steroids Jl
If ADAMTS13 activity will be available within 72 If ADAMTS13 activity will not be
hours (scenario A) OR available (scenario B)
If ADAMTS13 activity will be available between
72 hours and 7 days (scenario C)
l Do not add caplacizumab
Consider rituximab
Collect plasma for ADAMTS13 activity and inhibitors

(or anti-ADAMTS13 IgG)
Consider early caplacizumab

l | |
} }
~ NEGATIVE BORDERLINE POSITIVE
Activity >20 U/dL (or 20%) Activity 10-20 U/dL (or 10-20%) Activity <10 U/dL (or <10%)

‘, | | |

Stop caplacizumab Use clinical judgement to guide treatment Continue caplacizumab
Consider other diagnoses Consider other diagnoses Consider adding rituximab

J of Thrombosis Haemost, Volume: 18, Issue: 10, Pages: 2486-2495, First published: 17 July 2020, DOI: (10.1111/jth.15006)



limitations of ADAMTS13 activity measurements for the diagnosis of TTP

@ blood advances

Blood Adv. 2017 Apr 11; 1(10): 590-600. PMCID: PMC5728353
Published online 2017 Apr 6. doi: 10.1182/bloodadvances.2017005124 PMID: 29296701
Thrombotic thrombocytopenic purpura: diagnostic criteria, clinical features, and long-term ADAMTS13 a CtiVity was measured by 2 methods:

outcomes from 1995 through 2015
* fluorescence resonance energy transfer (FRET)

* immunoblotting (IB)

Evaren E. Page,’?2 Johanna A. Kremer Hovinga,3 Deirdra R. Terrell,’ Sara K. Vesely,! and James N. George™!:2

Aitergg;vneog.i:;rder in 15 pa tients
ADAMT513 < 10% < ) * the FRET assay === ADAMTS13 activity 10%
83 TTP diagnosed * thelB assay === ADAMTS13 activity 10% to 68%
TTP suspected 78
PEX ordered
363 patients T P Itebee * The 3 with the highest ADAMTS13 activity by IB measurements
280 (35% to 68%) all had high-titer functional inhibitors (> 2 BU/mL)
Alternative disorder
diagnosed * All 3 have relapsed
(or assumed)
278

These limitations emphasize that clinical evaluation continues to be an essential component for diagnosis.

Thrombotic thrombocytopenic purpura: diagnostic criteria, clinical features, and long-term outcomes from 1995 through 2015
Evaren E Page et al.. Blood Adv . 2017 Apr 6;1(10):590-60



ADAMTS13 testing

Assay considerations

Commercially available assays use an artificial substrate (a VWF peptide) and hence do not actually measure the
proteolysis of VWF multimers

¢ Assay method
Exposure of VWF to shear force ....

+»+ Reference ranges
A 2014 study that compared ADAMTS13 activity in 57 patients with TTP versus 57 patients with other TMAs

found that a threshold of <10 percent yielded 100 percent sensitivity and 100 percent specificity
+¢ Interference

high bilirubin levels (eg, >20 mg/dL) may interfere with fluorescence in FRET-based assays

High levels of free hemoglobin caused by intravascular hemolysis can also interfere with FRET-based assays

if the anti-ADAMTS13 autoantibodies dissociate from ADAMTS13 during the in vitro incubation

¢ Presence of ADAMTS13 in plasma used for TPE or transfusions

Nomenclature, Normal range, Reporting units, and methodology need further standardization



TTP MANAGEMENT

U The management of TTP is based on three important pillar:

* The inhibition of platelet-VWEF interaction
* The replenishment of ADAMTS13 levels
* Immunomodulation to decrease the formation of antibodies

L Treatment therefore consists of a combination of :
» plasma exchange, steroids, caplacizumab and/or rituximab

0 ADAMTS13 activity should also be monitored during treatment in order to
timely detect exacerbation or TTP relapse

L Once ADAMTS13 activity reaches 50%, it should be measured :
* every three months for the first three years
* every six months for the next two years
e annually thereafter




Clinical Case:

A 69-year-old woman presented with a short history of worsening fatigue
Primary lab tests:
Wbc=10250/micl

Hg:9.8 gr/dl S0y s 0O l - -0
L

Plt :50000/micl . @ 0%
LDH=900 p O Qe
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Clinical Case:

A clinical diagnosis of a TTP was made, and urgent PEX commenced pending investigations for the
underlying cause.

Pre-exchange ADAMTS-13 activity result: <20% ADAMTS-13 Inhibitor : 81 u/ml
After 1 months ,she was discharged and was followed by:

* Monitoring for signs of clinical relapse
v Symptoms and complete blood count (CBC) are evaluated frequently during the initial recovery
period for the purpose of detecting a clinical exacerbation or relapse

*  Monitoring ADAMTS13 activity
v' measure ADAMTS13 activity one week after TPE was stopped and weekly during the first month.
If ADAMTS13 activity does not recover (remains <20 percent)

* every three months for the first three years
* every six months for the next two years
e annually thereafter




Monitoring protocol after recovery from an episode or immune TTP

If the ADAMTS13 activity is 40 to 60 percent (not
normal but probably safely above risk for relapse), we
measure activity at three-month intervals to
determine whether this mild deficiency is stable

If the ADAMTS13 activity falls from normal to <40
percent, we resume monthly measurements

we are concerned that continued decreases elevate
the risk for clinical relapse.

Some patients who have had an extremely
complicated acute episode, or multiple acute
episodes, are followed more closely with ADAMTS13
activity measurements

If ADAMTS13 decreases to <20 percent, we discuss the
use of preemptive rituximab to reduce the risk of
clinical relapse.

Therapy Monitoring Routine care Comments
First week Continue ® Symptom assessment Removal of central The highest risk of
glucocorticoids, daily venous catheter exacerbation is during
rituximab, and (W CBGC daily the first week.
caplacizumab (if used) |m 1P at time of CBC Exacerbations are
treated with TPE,
First month Taper and discontinue (™ Symptom  assessment Provision of wallet glucocorticoids,
(assuming glucocorticoids (ongoing) card/letter rituximab, and
ADAMTS13 Complete rituximab B CBC weekly, then every Resumption of normal sometimes
activity has Discontinue other week activities caplacizumab.
increased to caplacizumab B ADAMTS13 activity
=20 to 30%) weekly
® LDH and creatinine
with CBC until they
become normal
First and ¥  ADAMTS13 activity Return to primary care The risk of relapse is
second year every three months clinician greater during the first
(assuming Updating of two years and greater
clinically vaccinations for those with
stable  with Seek medical attention ADANISIA <10%
ADAMTS13 (and immediate CBC) (risk of 20 to 30%), but
activity >20 for any return of relapse may not occur
to 30%) symptoms imminently (median
time to relapse: 5 to 9
Subsequent 5 ADAMTS13 activity Routine primary care years).
years annually Annual  hematologist For ADAMTS13 <20%,

visit

Monitoring for and
treatment of long-term
complications of TTP
Seek medical attention
(and immediate CBC)
for any return of
symptoms

prophylactic rituximab
as a single dose
followed by retesting of
ADAMTS13 is
reasonable.

For frequent relapses
with persistent severe
ADAMTS13 activity
<20%, splenectomy,
maintenance rituximab
once every 3 months
for 2 to 3 years, or
other
immunosuppressive
agents are reasonable
options.




DETECTING AND PREVENTING RELAPSE




