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WORLD KIDNEY FORUM
Thirty-six Hippocratic Aphorisms of Nephrologic Interest

AJKD Athanasios Diamandopoulos, MD, PhD," Pavios Goudas, MD,” and
Dimitrios Oreopoulos, MD, PhD?

|6.36] Venesection cures dys-
uria, open the internal veins
of the arm.

From the 'Renal Department, St
Andrew’s State Hospital, Pairas,
Greece; and *University Health Net-
work and University of Toronto, To-
ronto, Canada.
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Am J Kidney Dis 54:143-153.
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Figure 3. An illustration showing points for venesection that supposedly e
correlate with internal organ pathology. From a 1528 edition of Hans von ' ;

Gersdorff's Feldblch der Wundarizney [Fieldbook of Surgery], illustrator Jo- l
hann Ulrich Wechtlin. Courtesy of the National Library of Medicine.?®
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Table 1. Apheresis Modalities

-'I_ 1 4

Procedure

Target Molecule

Adsorptive cytapheresis
R,.microglobulin column
Double filtration plasmapheresis

Erythrocytapheresis
Extracorporeal photopheresis

Immunoadsorption
Leukocytapheresis
Lipoprotein apheresis
Red blood cell exchange

Rheopheresis

Therapeutic plasma exchange

Thrombocytapheresis

Monocytes, granulocytes
3,-microglobulin

Autoantibodies, immune
complexes, lipoproteins

Red blood cells

Buffy coat (white blood
cells and platelets)

Immunoglobulins

White blood cells
Lipoprotein particles

Red blood cells (exchanged
for replacement fluid)

High-molecular-weight
plasma components
(fibrinogen, a,-macro-
globulin, low-density lipoprotein
cholesterol, and IgM)

Plasma (exchanged for
replacement fluid)

Platelets

Abbreviation: IgM, immunoglobulin M.

Am J Kidney Dig023, 81(%475492.
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The spectrum of autoimmune disease

Organ Specific Autoimmune Diseases

+ Graves Disease [ Thyroid: TSHR Abs, TPO Abs)

+ Hashimoto Thytreaiditis [ Thyroid: TPO Abs, Tg Abs)

+ Diabetes Type | [ Pankreas: GAD Il Abs, 1A2 Abs, ICA)
+ Goodpasture Syndrome [ Kidney: GEM Abs)

+ Pernicious Anemia [ Stomach: Parietal Cell Abs)

« Primary Biliary Cirrhosis [ Liver, Bile: AMARS])

+ Myasthenia Gravis [ Muscles: AChR Abs)

+ Dermato-/Polymyositis [ Skim J/ Muscles: Jo 1 Abs)

+ Vasculitis [ Vessels: ANCA)

+ Rheumatoid Arthritis ([ Joints: CRP, RF, RA33 Abs, Sa Abs)
« MCTD [ RNP Abs)

+ 5Scleroderma ( Scl 70 Abs, CENP Abs, PM/5Scl Abs)

+ SLE [ ANA, Cardiclipin Abs, Beta 2 GP I Abs)

Multi-systemic Autoimmune Diseases



The spectrum of autoimmune disease

Organ Specific Aut ity
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What are clinical practice guidelinés

https://www.ncbi.nlm.nih.gov/books/NBK390308/
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@ European Society for Hemapheresis

Home  About Us Membership News w Archive Knowledge Nurses Members Area Contact Us

Guidelines

There are many indications to perform a therapeutic apheresis procedure. The ESFH is recommending to follow commonly accepted (national, international or
regional) guidelines, and otherwise it is desirable to achieve IRB approval if apheresis treatment is undertaken.

Internationally recommended guidelines based on evidence based medicine are published on a regular hasis by the American Society for Apheresis
(www.apheresis.org) in the Journal of Clinical Apheresis. For the latest version see: Schwartz J, et al. J Clin Apher 2016; 31: 149-338

Link to PubMed http://www.ncbi.nlm_nih_.gov/pubmed/27322218

Link to the Journal http://onlinelibrary. wiley.com/doi/10.1002/jca.v31_3/issuetoc

This information is interesting for all physicians and nurses active in the field: http://www.apheresis.org/page/QlA

WAA registry
http://www. waa-registry.org/Secure/Default.aspx
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Recommendations for Therapeutic Apheresis by the
Section "Preparative and Therapeutic Hemapheresis
of the German Society for Transfusion Medicine and
Immunohematology
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Abstract

The section "Preparative and T 1 NErapeutic Apheresis in Clinical Practice" published by the Writing Committee of

Medicine and Immunohemato

and indications for evidence-k the Amerlcan Souety for Apheresis (ASFR Q Q

recommendations are mostly i.. ... ... .. e et e e e e e e e
Clinical Practice” published by the Wntmg Committee of the American Society for Apheresis (ASFA)
and have been conducted by experts from the DACH (Germany, Austria, Switzerland) region.

Abstract
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J PAC Joint United Kingdom (UK) Blood Transfusion and Tissue About JPAC Latest Updates Document Library Subscribe Contact Us
Transplantation Services Professional Advisory Committee

11.1.1: Indications for therapeutic plasma exchange

TPE should only be carried out in conditions where there i1s good evidence of its effectiveness. The
American Society for Apheresis (ASFA — http://'wvww . apheresis.or roduces reqularly updated evidence-

based guidelines (last updated in 2010). Table 11.1 shows the 2010 category | ASFA indications for TPE

Email Notifi

(recommended as first-line therapy). Category |l indications (TPE 1s an established second-line therapy)
o a@re shown in Table 11 2. The evidence base is constantly developing and the decision to implement a

course of TPE will usually involve discussion with a transfusion medicine specialist or other expert from the
Welcome team providing the therapy.

Publication Info

Figures: . . . . .
Figms Table 11.1 ASFA Category | indications for therapeutic plasma exchange (first-line therapy based on
Tables: strong research evidence)

Tables

Preface

Contents spEciﬂll'l.}"

Meurology Acute Guillain-Barré syndrome

Chronic inflammatory demyelinating polyneuropathy

Myasthenia gravis

Folyneuropathy associated with paraproteinaemias

https://www.transfusionguidelines.org/transfusiehandbook/1 ttherapeuticapheresis/111-therapeutic plasmaexchangepe
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American Society fokpheresis (ASFA)
Journal of Clinical Apheresis (JCA)
Special Issue Writing Committee

A The current JCA Special Issue Writing Committee was formed by-tiaire
(and ratified by the ASFA board of directors) followirfgrenal application

and selection process

A Members were selected to formgeographically and clinically diverse group

with a mix ofsenior, midlevel, and earlycareerindividuals.

A The committee includes representation of multiple medical subspecialties

includingcritical care, hematology/oncology, nephrology, pediatrics, and

transfusion medicindrom locations acrosEurope and North America.

JClinApher 2023;38:7¢278.
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TABLE 1 Category and grade recommendations for therapeutic apheresis.

Disease/condition

Acute disseminated encephalomyelitis

JClinApher 2023;38:7¢278.



TABLE 1 Category and grade recommendations for therapeutic apheresis.

Disease/condition Indication

Acute disseminated encephalomyelitis  Steroid refractory



TABLE 1 Category and grade recommendations for therapeutic apheresis.

Disease/condition Indication Procedure

Acute disseminated encephalomyelitis  Steroid refractory TPE



TABLE 1 Category and grade recommendations for therapeutic apheresis.

Disease/condition Indication Procedure Category

Acute disseminated encephalomyelitis  Steroid refractory TPE I1



TABLE 1 Category and grade recommendations for therapeutic apheresis.

Disease/condition

Acute disseminated encephalomyelitis

Indication

Steroid refractory

Procedure

TPE

Category
I




TABLE 2 Category definitions for therapeutic apheresis

Category Description

Abbreviation: IRB, Institutional Review Board.



TABLE 2 Category definitions for therapeutic apheresis

Category Description

[ Disorders for which apheresis is accepted as first-
line therapy, either as a primary standalone
treatment or in conjunction with other modes of
treatment.

Abbreviation: IRB, Institutional Review Board.



TABLE 2 Category definitions for therapeutic apheresis

Category Description

[ Disorders for which apheresis is accepted as first-
line therapy, either as a primary standalone
treatment or in conjunction with other modes of
treatment.

I1 Disorders for which apheresis is accepted as
second-line therapy, either as a standalone
treatment or in conjunction with other modes of
treatment.

Abbreviation: IRB, Institutional Review Board.



TABLE 2 Category definitions for therapeutic apheresis

Category Description

[ Disorders for which apheresis is accepted as first-
line therapy, either as a primary standalone
treatment or in conjunction with other modes of
treatment.

I1 Disorders for which apheresis is accepted as
second-line therapy, either as a standalone
treatment or in conjunction with other modes of
treatment.

I11 Optimum role of apheresis therapy is not
established. Decision-making should be
individualized.

Abbreviation: IRB, Institutional Review Board.



TABLE 2 Category definitions for therapeutic apheresis

Category Description

[ Disorders for which apheresis is accepted as first-
line therapy, either as a primary standalone
treatment or in conjunction with other modes of
treatment.

I1 Disorders for which apheresis is accepted as
second-line therapy, either as a standalone
treatment or in conjunction with other modes of

treatment.

I11 Optimum role of apheresis therapy is not
established. Decision-making should be
individualized.

v Disorders in which published evidence

demonstrates or suggests apheresis to be
ineffective or harmful. IRB/Ethics Committee
approval is desirable if apheresis treatment is
undertaken in these circumstances.

Abbreviation: IRB, Institutional Review Board.



TABLE 1 Category and grade recommendations for therapeutic apheresis.

Disease/condition

Acute disseminated encephalomyelitis

Indication

Steroid refractory

Procedure

TPE

Category
I

Grade
2C




TABLE 3 Grading recommendations, strength and quality of evidence

Methodological quality of
Recommendation Description supporting evidence Implications
Grade 1A
Grade 1B
Grade 1C

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.



TABLE 3 Grading recommendations, strength and quality of evidence

Methodological quality of
Recommendation Description supporting evidence Implications

Grade 1A Strong recommendation, high-
quality evidence

Grade 1B Strong recommendation, moderate
quality evidence

Grade 1C Strong recommendation, low-
quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.



TABLE 3

Recommendation

Grade 1A

Grade 1B

Grade 1C

Description

Strong recommendation, high-
quality evidence

Strong recommendation, moderate
quality evidence

Strong recommendation, low-
quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.

Grading recommendations, strength and quality of evidence

Methodological quality of
supporting evidence

RCTs without important
limitations or overwhelming
evidence from observational
studies

RCTs with important limitations
(inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies

Observational studies or case series

Implications



TABLE 3

Recommendation

Grade 1A

Grade 1B

Grade 1C

Description

Strong recommendation, high-
quality evidence

Strong recommendation, moderate
quality evidence

Strong recommendation, low-
quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.

Grading recommendations, strength and quality of evidence

Methodological quality of
supporting evidence

RCTs without important
limitations or overwhelming
evidence from observational
studies

RCTs with important limitations
(inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies

Observational studies or case series

Implications

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation, can apply
to most patients in most
circumstances without
reservation



TABLE 3

Recommendation

Grade 1A

Grade 1B

Grade 1C

Description

Strong recommendation, high-
quality evidence

Strong recommendation, moderate
quality evidence

Strong recommendation, low-
quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.

Grading recommendations, strength and quality of evidence

Methodological quality of
supporting evidence

RCTs without important
limitations or overwhelming
evidence from observational
studies

RCTs with important limitations
(inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies

Observational studies or case series

Implications

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation but may
change when higher-quality
evidence becomes available



TABLE 3 Grading recommendations, strength and quality of evidence
Methodological quality of
Recommendation Description supporting evidence
Grade 1A Strong recommendation, high- RCTs without important
quality evidence limitations or overwhelming
evidence from observational
studies
Grade 1B Strong recommendation, moderate ~ RCTs with important limitations
quality evidence (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies
Grade 1C Strong recommendation, low- Observational studies or case series
quality or very low-quality
evidence
Grade 2A Weak recommendation, high- RCTs without important
quality evidence limitations or overwhelming
evidence from observational
studies
Grade 2B Weak recommendation, moderate- RCTs with important limitations
quality evidence (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies
Grade 2C Weak recommendation, low- Observational studies or case series
quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.

Implications

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation but may
change when higher-quality
evidence becomes available



TABLE 3 Grading recommendations, strength and quality of evidence
Methodological quality of
Recommendation Description supporting evidence
Grade 1A Strong recommendation, high- RCTs without important
quality evidence limitations or overwhelming
evidence from observational
studies
Grade 1B Strong recommendation, moderate ~ RCTs with important limitations
quality evidence (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies
Grade 1C Strong recommendation, low- Observational studies or case series
quality or very low-quality
evidence
Grade 2A Weak recommendation, high- RCTs without important
quality evidence limitations or overwhelming
evidence from observational
studies
Grade 2B Weak recommendation, moderate- RCTs with important limitations
quality evidence (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies
Grade 2C Weak recommendation, low- Observational studies or case series

quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.

Implications

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation but may
change when higher-quality
evidence becomes available

Weak recommendation, best action
may differ depending on
circumstances or patients’ or
societal values

Weak recommendation, best action
may differ depending on
circumstances or patients’ or
societal values



TABLE 3 Grading recommendations, strength and quality of evidence
Methodological quality of
Recommendation Description supporting evidence
Grade 1A Strong recommendation, high- RCTs without important
quality evidence limitations or overwhelming
evidence from observational
studies
Grade 1B Strong recommendation, moderate ~ RCTs with important limitations
quality evidence (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies
Grade 1C Strong recommendation, low- Observational studies or case series
quality or very low-quality
evidence
Grade 2A Weak recommendation, high- RCTs without important
quality evidence limitations or overwhelming
evidence from observational
studies
Grade 2B Weak recommendation, moderate- RCTs with important limitations
quality evidence (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally
strong evidence from
observational studies
Grade 2C Weak recommendation, low- Observational studies or case series
quality or very low-quality
evidence

Abbreviation: RCT, randomized controlled trial.
Source: Adopted from References 1 and 2.

Implications

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation, can apply
to most patients in most
circumstances without
reservation

Strong recommendation but may
change when higher-quality
evidence becomes available

Weak recommendation, best action
may differ depending on
circumstances or patients’ or
societal values

Weak recommendation, best action
may differ depending on
circumstances or patients’ or
societal values

Very weak recommendations;
other alternatives may be equally
reasonable
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Psoriasis

Disseminated pustular

ECP 11 2B

Adsorptive I1 2C
cytapheresis

TPE IV 2C




Psoriasis

Red blood cell alloimmunization,
pregnancy complications

Disseminated pustular

Hemolytic disease of the fetus and
newborn

RhD alloimmunization prophylaxis
after transfusion

ECP IIT 2B
Adsorptive I1 2C
cytapheresis
TPE IV 2C
TPE II1 2C
RBC exchange I\Y 2C




Psoriasis

Red blood cell alloimmunization,
pregnancy complications

Thrombotic microangiopathy, drug
induced

Disseminated pustular

Hemolytic disease of the fetus and
newborn

RhD alloimmunization prophylaxis
after transfusion

Ticlopidine
Clopidogrel
Gemcitabine

Quinine

ECP IIT 2B
Adsorptive I1 2C
cytapheresis

TPE IV 2C
TPE II1 2C
RBC exchange I\Y 2C
TPE I 2B
TPE IIT 2B
TPE IV 2C
TPE IV 2C




TABLE 5 Retired

therapeutic apheresis.

Disease/condition

Amyloidosis, causes
other than dialysis

category IV recommendations|for
Full fact
sheet in JCA
Procedure special edition
TPE 2019




TABLE 5 Retired

therapeutic apheresis.

Disease/condition
Amyloidosis, causes
other than dialysis

Amyotrophic lateral
sclerosis

category IV recommendations|for
Full fact
sheet in JCA
Procedure special edition
TPE 2019
TPE 2013




TABLE 5 Retired|category IV recommendations|for

therapeutic apheresis.

Disease/condition Procedure

Amyloidosis, causes TPE
other than dialysis

Amyotrophic lateral TPE
sclerosis

Dermatomysitis/ TPE, ECP
polymyositis

Full fact
sheet in JCA
special edition

2019

2013

2016




TABLE 5 Retired|category IV recommendations|for

therapeutic apheresis.

Disease/condition Procedure

Amyloidosis, causes TPE
other than dialysis

Amyotrophic lateral TPE

sclerosis

Dermatomysitis/ TPE, ECP
polymyositis

HELLP syndrome, TPE
antepartum

Full fact

sheet in JCA
special edition
2019

2013

2016

2019




TABLE 5 Retired|category IV recommendations|for

therapeutic apheresis.

Disease/condition Procedure

Amyloidosis, causes TPE
other than dialysis

Amyotrophic lateral TPE
sclerosis

Dermatomysitis/ TPE, ECP
polymyositis

HELLP syndrome, TPE
antepartum

Idiopathic TPE
polyarteritis
nodosa

Full fact

sheet in JCA
special edition
2019

2013

2016

2019

2019




TABLE 5 Retired|category IV recommendations|for

therapeutic apheresis.

Disease/condition Procedure

Amyloidosis, causes TPE
other than dialysis

Amyotrophic lateral TPE

sclerosis
Dermatomysitis/ TPE, ECP
polymyositis
HELLP syndrome, TPE
antepartum
Idiopathic TPE
polyarteritis
nodosa
Inclusion body TPE,
myositis leukocytapheresis

Full fact

sheet in JCA
special edition
2019

2013

2016

2019

2019

2013




TABLE 5 Retired

category IV recommendations|for

therapeutic apheresis.

Disease/condition
Amyloidosis, causes
other than dialysis
Amyotrophic lateral
sclerosis
Dermatomysitis/
polymyositis
HELLP syndrome,
antepartum
Idiopathic
polyarteritis
nodosa
Inclusion body
myositis

Multifocal motor
neuropathy

Procedure

TPE

TPE

TPE, ECP

TPE

TPE

TPE,
leukocytapheresis

TPE

Full fact

sheet in JCA
special edition
2019

2013

2016

2019

2019

2013

2019




TABLE 5 Retired
therapeutic apheresis.

Disease/condition

Amyloidosis, causes

other than dialysis

Amyotrophic lateral

sclerosis
Dermatomysitis/
polymyositis
HELLP syndrome,
antepartum
Idiopathic
polyarteritis
nodosa

Inclusion body
myositis

Multifocal motor
neuropathy

POEMS syndrome

Rheumatoid arthritis

Schizophrenia

category IV recommendations|for

Procedure

TPE

TPE

TPE, ECP

TPE

TPE

TPE,
leukocytapheresis

TPE

TPE
TPE
TPE

Full fact

sheet in JCA
special edition
2019

2013

2016

2019

2019

2013

2019

2013
2010
2013
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Acute inflammatory demyelinating
polyradiculoneuropathy

(GuillainBarre syndrome)

Primary treatment

TPE

1A

‘‘‘‘‘‘‘‘‘‘



Acute inflammatory demyelinating
polyradiculoneuropathy

(GuillainBarre syndrome)

Acute liver failure

Primary treatment

Acute liver failure

TPE

TPE-HV

1A

1A

‘‘‘‘‘‘‘‘‘‘



Acute inflammatory demyelinating
polyradiculoneuropathy

(GuillainBarre syndrome)

Acute liver failure

Familial hypercholesterolemia

Primary treatment

Acute liver failure

Homozygotes

TPE

TPE-HV

1A

1A

1A




Acute inflammatory demyelinating
polyradiculoneuropathy

(GuillainBarre syndrome)

Acute liver failure

Familial hypercholesterolemia

Sickle cell disease, non-acute

Primary treatment

Acute liver failure

Homozygotes

Stroke prophylaxis

TPE

TPE-HV

RBC exchange

1A

1A

1A

1A




Acute inflammatory demyelinating
polyradiculoneuropathy

(GuillainBarre syndrome)

Acute liver failure

Familial hypercholesterolemia

Sickle cell disease, non-acute

Thrombotic microangiopathy,
thrombotic thrombocytopenic
purpura

ADAMTS13 related

Primary treatment

Acute liver failure

Homozygotes

Stroke prophylaxis

TPE

TPE-HV

RBC exchange

TPE

1A

1A

1A

1A

1A

‘‘‘‘‘‘‘‘‘‘
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m Guillain Barre syndrome
mTTP

= Myasthenia Gravis

m Hypervicosity syndrome
= Neuromyelitis optica
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THROMBOTIC MICROANGIOPATHY, THROMBOTIC THROMBOCYTOPENIC
PURPURA

Incidence: <1/ 100,000/ ycar

Procedure Category Grade

TFE I 1A

# reported patients: =300 RCT CT cs CR

T(301) S(270) NA NA

Description
Thrombatic thrombocylopenic purpura (TTF) & a thrombaolic micrangiopathy (TMA) charcterized by the develop o i giopathic heme
Iyl'll: anemia (MAHA), Ihmlnlvu:yu‘umia, amd ichemic ‘orgin llysl'unl:l'lm semncialed with o sewvens lhrrinnr.y ||I'PI=.'smu ADAMTSIR Hl'ﬂlil,’, wilh
levels lower than 105 in most cases, T cim be associaled wilh varying degress of neumlogic il s (eg., menlal slalus changes,

TIA), kidney involvement, Etigue/weakness, and fever, Because TTP is potentially Gutal i befl untreated (~90% martality), there shoulkl be a low
threshodd 1o indliale resimeni ﬁr[rrmnnrd TTP wilhin 4 o 8 Illursull:li;gnqlicgqirinn, aller olher coses of sjﬂnmi: TMA have been considere]
unlikely, and withoul waiting For the resulis of ATAMTSLS lesting. Scoring sysiems can be used o delermine pre-lest probability lor TTP whibe await
ing n.lrmnalnr)- ATAMTSIS Iqling fﬁznh:mml, 2 E; Hl:nilapuli, 2017} The PLASMIC s.l:ru'ing syslem imctucles 7 'mdelp-.n-hnl warrisbles wlentilies]
as highly predictive by mullivariable repression including plalelel comit <30 < 0%/1, creatinine <20 mghll, international normaliaxt atio (TNR)
<15, mean corpuscular volume (MCV) <%0 (1, and hemolysis {Bendapodi, 2017).

Mot patients have immune-mediated TTP which develops due to autoantibodies (usaally g apainst ADAMTS1S, whereas congenital TTP com-
prises the minority of cmes and & associated with germline mutations resulting in severely deficient ADAMTS13 function. Despite sucoessful treat-
ment of immune-mediated TTP, the disease can recur. 1gG4, the most common anti-ADAMTEL] Igls subclass, appears o be related o disease
FECUTTENCE.

Current management/treatment

TPE has decreased overall monality of immune mediated TTP from nearly uniformly Btal to <108 to 20%. TPE should be initiated emergently once:
the diagnosis is suspected. If TPE is nod immediately available, large dose plasma infusions (25-30 mL/kg), should be given if tolerated, until TPE can
be inftiated (Coppo, 2003). Corticosteroids should be used as an adjunct, cither a daily prednisone dose at 1 mg/kg/day, pulsed methylprednisone for
a few days, or a combination; however, no definitive trials proving their comparative efficacy have been performed. Rituximab, previously used o
treal refraciony or relapsing TTP, is now often added as adjunctive agent with initial TPE and corticosteroids. A meta-analysis of 570 patients demon-
stirated that the addition of first-line rituximab, offered high efficacy for the prevention of relapse and lower mortality rate in cases of acquired TTF,
compareid with comventional therapy alone ( Owattanapanich, 201%). Rituximab has allowed for tapering steroids rapidly (over 3-4 weeks). Sinoe mibux-
mih immediately binds to CDX20-positive lymphocytes, an 18 to 24-hour interval between its infusion and TPE is used in practice.

Caplacizumah, a nanobody directed against the plalelet binding domain (A1) of VWF, has been approved lor the treatment of immune TTP ingether
wilh TPE. When added 1o TPE plus immunosuppression in a phase 1T placebo-contmolled RCT it induced a signilicintly Bster resolution of acle TTP
qt'qglh (Pl."!ﬂ’.llili, M006). HERCULES, a plm.w I ranchomized, doable-blind, [ll:l:r]mu.llmllt:d .shldy ilem it P i wiilh 3 i i TTF
n-ns'\.rirg m[lhr.ir.llm;ll were 1.5 mone Iitnly o normmalize [ll:ldﬂ ool and had a 74% lower risk ol a mnpnsin ol TTP-reliled death, recurmenc:,
or a major thromboembolic event while underpoing treatment compared o thase patients reosiving placebo (Scully, 2009) While it is hypothesizes)
Thaat l!h_'lnl’j’ TTP will b bess common in The e urt:.uPIm:iammﬂh\, in nzla[ml or ml'r,l:mr)- s l:’fl'.klegmrin.r.L A, basrleammib, L')‘l!hvhﬂfwhill!lik,
azathioprine, vincristing, N-acetyboysieine or splenecomy can be considersd, Novel agenis, such as recombinant ADAMTSLS, and inhibitors of the
VWFglyrl‘rrruEin ThIX interaction (infibatide) an r.“nerllly wmder imnﬂipl'um amil shove p'mmi'a-. for the tresitment of TTF, ijg e Bosllonay up
aller the acule episode is crilical 1o monilor for relapse and Lo diagnose and manage chronic ssgquele of Uhis disease,

Patienis with TTP have a thrombotic rather than hemorrhagic tendency and bleeding, if present, is typically limited o skin and mucous membranes.
Platelets should anly be transfused if potential life-threatening bleeding is present. [ ital TTP is cf i by itutive defici

af ADAMTSES activity without an inhibitor, simple infusions of plasma (10-15 mLkg) or erpesupernatant or plasma derived VW concentrates ave
been used.

‘With the advent of the COVID-19 pandemic, postvaccination-related TTP has been reported. This is distinct from Vaccine-induced immune throm-
botic thrombocytopenia (VITT;, see separate foct sheet). In a systematic review of 27 reponted cases, most episodes of postvaccination-related TT1 were
seen after BNT16202 vaccine, followed by mEMA-1273 vaccine. Some patients had no prior history of TT1 while others had relapsed immune TTP,
and one patient had relapsed congenital TTE. The mean onset of symptoms post-vaccination was 13.4 days. ADAMTEL? activity ranged from 0% to
<12%. All patients with immune TTF except one received TPE and steroids. Twelve pati received caplack: b, amd 17 patients received ritux-
mah, while the patient with congenital TTP received plasma infusion. Only one patient had a relapse within 30 days after discharpe from the hospital.
{One patient passed away afier two days of hospitalization, likely due to a sudden cardiovascular event (Saluja, 2022). CHs of immune TTP following
COVID-19 infection have abso been reported.

Rationale for therapeutic apheresis

TPE with plasma replacement has signilicanily improved patients’ clingl Wheeere: aweail sohvenl peni plasma maty rechice
zllﬂgu_ symploms, The panlml mechanism of TPE is Uhad il pnlvlllt:; :durulr beweds of ADAMTSLS el I:IM." sarbiile rrmmllng nn:lll.ullng
anli-ADAMTS13 awloantibodies. However, dinicil course does nol absays cormelale wilh plasma ADAMTS13 adivily or ADAMTS13 inhibitor levels.

Technical notes
Mlag'c resictiomes and cilrale resctions are mesne lmqnznl e oy hlg-. velurmes ol [l]m m||:iml. Himwee plm: has cilrale @ an ;mliunp.ll'.ml,
ACD-A can be used in a higher miio (o whole blood) i minimize cilsile recions,

Volume treated: | to 1.5 TPV Freguency: Daily

Replacement fluid: Plasma or plasma/albumin

Duration and discontinuation/number of procedures

TPE is generally performed daily until the plaelel counl is =150 x 101, and LIVH is nesr normal for 2 0 3 consecutive chys. Resichual schistocyles
alier discontinuation nhlailr"l"P'F_ are nol uncormemion and afier the imitial diagnlm's ol TTP is made, there i no resson o continue tlnllnerll'mg ihe
presence or absence of schistocyles, There ane no RCTs of TPE over longer duration, A small retrospective siudy had supgesied a lower overall recur
rence rabe sl 6 monihs with Liper, A comrmion Laper siralegy i three times o week lor the lirst week, twice uu-r.llr e secomd sl then onee un-r.lly
lhe i:lllrmling wn*fs]. Dither Lper awrm:lﬂ hawe: been documenied, However a [m'ng?f.livr observalional invﬁ]iﬁdiﬂn Foumnad that I:pﬂring TPE

{when compared 1o an historical cobaort of no TPE taper), did nol reduce exacerbation in patienis with TTP (Raval, 20200

Keywords: thrombotic thrombocytopenic purpura, thrombotic micrmngiopathy, plasma exchange
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THROMBOTIC MICROANGIOPATHY, THROMBOTIC THROMBOCYTOPENIC
PURPURA

Incidence: <1/ 100,000/ ycar

Procedure Category Grade

TFE I 1A

# reported patients: =300 RCT CT cs CR

T(301) S(270) NA NA

Description
Thrombatic thrombocylopenic purpura (TTF) & a thrombaolic micrangiopathy (TMA) charcterized by the develop o i giopathic heme
Iyl'll: anemia (MAHA), Ihmlnlvu:yu‘umia, amd ichemic ‘orgin llysl'unl:l'lm semncialed with o sewvens lhrrinnr.y ||I'PI=.'smu ADAMTSIR Hl'ﬂlil,’, wilh
levels lower than 105 in most cases, T cim be associaled wilh varying degress of neumlogic il s (eg., menlal slalus changes,

TIA), kidney involvement, Etigue/weakness, and fever, Because TTP is potentially Gutal i befl untreated (~90% martality), there shoulkl be a low
threshodd 1o indliale resimeni ﬁr[rrmnnrd TTP wilhin 4 o 8 Illursull:li;gnqlicgqirinn, aller olher coses of sjﬂnmi: TMA have been considere]
unlikely, and withoul waiting For the resulis of ATAMTSLS lesting. Scoring sysiems can be used o delermine pre-lest probability lor TTP whibe await
ing n.lrmnalnr)- ATAMTSIS Iqling fﬁznh:mml, 2 E; Hl:nilapuli, 2017} The PLASMIC s.l:ru'ing syslem imctucles 7 'mdelp-.n-hnl warrisbles wlentilies]
as highly predictive by mullivariable repression including plalelel comit <30 < 0%/1, creatinine <20 mghll, international normaliaxt atio (TNR)
<15, mean corpuscular volume (MCV) <%0 (1, and hemolysis {Bendapodi, 2017).

Mot patients have immune-mediated TTP which develops due to autoantibodies (usaally g apainst ADAMTS1S, whereas congenital TTP com-
prises the minority of cmes and & associated with germline mutations resulting in severely deficient ADAMTS13 function. Despite sucoessful treat-
ment of immune-mediated TTP, the disease can recur. 1gG4, the most common anti-ADAMTEL] Igls subclass, appears o be related o disease
FECUTTENCE.

Current management/treatment

TPE has decreased overall monality of immune mediated TTP from nearly uniformly Btal to <108 to 20%. TPE should be initiated emergently once:
the diagnosis is suspected. If TPE is nod immediately available, large dose plasma infusions (25-30 mL/kg), should be given if tolerated, until TPE can
be inftiated (Coppo, 2003). Corticosteroids should be used as an adjunct, cither a daily prednisone dose at 1 mg/kg/day, pulsed methylprednisone for
a few days, or a combination; however, no definitive trials proving their comparative efficacy have been performed. Rituximab, previously used o
treal refraciony or relapsing TTP, is now often added as adjunctive agent with initial TPE and corticosteroids. A meta-analysis of 570 patients demon-
stirated that the addition of first-line rituximab, offered high efficacy for the prevention of relapse and lower mortality rate in cases of acquired TTF,
compareid with comventional therapy alone ( Owattanapanich, 201%). Rituximab has allowed for tapering steroids rapidly (over 3-4 weeks). Sinoe mibux-
mih immediately binds to CDX20-positive lymphocytes, an 18 to 24-hour interval between its infusion and TPE is used in practice.

Caplacizumah, a nanobody directed against the plalelet binding domain (A1) of VWF, has been approved lor the treatment of immune TTP ingether
wilh TPE. When added 1o TPE plus immunosuppression in a phase 1T placebo-contmolled RCT it induced a signilicintly Bster resolution of acle TTP
qt'qglh (Pl."!ﬂ’.llili, M006). HERCULES, a plm.w I ranchomized, doable-blind, [ll:l:r]mu.llmllt:d .shldy ilem it P i wiilh 3 i i TTF
n-ns'\.rirg m[lhr.ir.llm;ll were 1.5 mone Iitnly o normmalize [ll:ldﬂ ool and had a 74% lower risk ol a mnpnsin ol TTP-reliled death, recurmenc:,
or a major thromboembolic event while underpoing treatment compared o thase patients reosiving placebo (Scully, 2009) While it is hypothesizes)
Thaat l!h_'lnl’j’ TTP will b bess common in The e urt:.uPIm:iammﬂh\, in nzla[ml or ml'r,l:mr)- s l:’fl'.klegmrin.r.L A, basrleammib, L')‘l!hvhﬂfwhill!lik,
azathioprine, vincristing, N-acetyboysieine or splenecomy can be considersd, Novel agenis, such as recombinant ADAMTSLS, and inhibitors of the
VWFglyrl‘rrruEin ThIX interaction (infibatide) an r.“nerllly wmder imnﬂipl'um amil shove p'mmi'a-. for the tresitment of TTF, ijg e Bosllonay up
aller the acule episode is crilical 1o monilor for relapse and Lo diagnose and manage chronic ssgquele of Uhis disease,

Patienis with TTP have a thrombotic rather than hemorrhagic tendency and bleeding, if present, is typically limited o skin and mucous membranes.
Platelets should anly be transfused if potential life-threatening bleeding is present. [ ital TTP is cf i by itutive defici

af ADAMTSES activity without an inhibitor, simple infusions of plasma (10-15 mLkg) or erpesupernatant or plasma derived VW concentrates ave
been used.

‘With the advent of the COVID-19 pandemic, postvaccination-related TTP has been reported. This is distinct from Vaccine-induced immune throm-
botic thrombocytopenia (VITT;, see separate foct sheet). In a systematic review of 27 reponted cases, most episodes of postvaccination-related TT1 were
seen after BNT16202 vaccine, followed by mEMA-1273 vaccine. Some patients had no prior history of TT1 while others had relapsed immune TTP,
and one patient had relapsed congenital TTE. The mean onset of symptoms post-vaccination was 13.4 days. ADAMTEL? activity ranged from 0% to
<12%. All patients with immune TTF except one received TPE and steroids. Twelve pati received caplack: b, amd 17 patients received ritux-
mah, while the patient with congenital TTP received plasma infusion. Only one patient had a relapse within 30 days after discharpe from the hospital.
{One patient passed away afier two days of hospitalization, likely due to a sudden cardiovascular event (Saluja, 2022). CHs of immune TTP following
COVID-19 infection have abso been reported.

Rationale for therapeutic apheresis

TPE with plasma replacement has signilicanily improved patients’ clingl Wheeere: aweail sohvenl peni plasma maty rechice
zllﬂgu_ symploms, The panlml mechanism of TPE is Uhad il pnlvlllt:; :durulr beweds of ADAMTSLS el I:IM." sarbiile rrmmllng nn:lll.ullng
anli-ADAMTS13 awloantibodies. However, dinicil course does nol absays cormelale wilh plasma ADAMTS13 adivily or ADAMTS13 inhibitor levels.

Technical notes
Mlag'c resictiomes and cilrale resctions are mesne lmqnznl e oy hlg-. velurmes ol [l]m m||:iml. Himwee plm: has cilrale @ an ;mliunp.ll'.ml,
ACD-A can be used in a higher miio (o whole blood) i minimize cilsile recions,

Volume treated: | to 1.5 TPV Freguency: Daily

Replacement fluid: Plasma or plasma/albumin

Duration and discontinuation/number of procedures

TPE is generally performed daily until the plaelel counl is =150 x 101, and LIVH is nesr normal for 2 0 3 consecutive chys. Resichual schistocyles
alier discontinuation nhlailr"l"P'F_ are nol uncormemion and afier the imitial diagnlm's ol TTP is made, there i no resson o continue tlnllnerll'mg ihe
presence or absence of schistocyles, There ane no RCTs of TPE over longer duration, A small retrospective siudy had supgesied a lower overall recur
rence rabe sl 6 monihs with Liper, A comrmion Laper siralegy i three times o week lor the lirst week, twice uu-r.llr e secomd sl then onee un-r.lly
lhe i:lllrmling wn*fs]. Dither Lper awrm:lﬂ hawe: been documenied, However a [m'ng?f.livr observalional invﬁ]iﬁdiﬂn Foumnad that I:pﬂring TPE

{when compared 1o an historical cobaort of no TPE taper), did nol reduce exacerbation in patienis with TTP (Raval, 20200

Keywords: thrombotic thrombocytopenic purpura, thrombotic micrmngiopathy, plasma exchange
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