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OpLopOC

* O 0poc «Apheresis», ano to eAANVIKO «APaALPETLS», XPNOLLLOTIOLELTOL
ouvNOwWC oTNV LATPLKN LLE TNV EVVOLA TOU «SLOXWPLOUOU »

* YITOOELKVUEL L0l EEWOWLLATIKN BepaTteLa TTOU ETUTPETEL TOCO TNV
EKAEKTIKN OUAANOYN EVOC 1N TTIEPLOCOTEPWYV CUOTOTLKWY TOU QLUOTOC
(kutTtapadaipeon) 0co kat tnv adoaipeon MaOoyovwy CTOLXELWV MLE
HEVAAO pLopLaKO BAapoc OTtwe avoooodaLpLVEC, VOOOCU UTTAEYLATA N
dAeypovwdelc peoohafnteg amo to nAacua (macpadaipeon)




Alpodalpeon

Awpadaipeon 60tn

e ALLOTIETAALL
* EpuBpa apoodaipla
* Aeuka atpoodaipla
e QubetepoPlia
* AepdokutTapa
e Apxeyova repLdpePLKA
OLLULOTIOLNTLKA KUTTOPO
 MMAdoua
e JUVOUOOUOC TTAPAYWYWV

~

Oeparnevtikn Alpadatipeon

-~

~

. [Artoudkpuvon OUOTATLKOU TOU aipaTtoc UE ]

avtikataotaon (m.x mAaopadaipeon)

\

ATIOMOLKPUVON CUCTATIKOU TOU OlLLaTOC (TT.X
Aevkadoalipeon)

Tpomomnoinon cuotatikou Tou atpatod (m.x
eEwowpatikn dwtobeparmeia)




Texvikn mAaopodatlpeonc

[MAacuoadatlpeon e [MAaouodoalpeon pe
dIATPO dUYOKEVTPO

Blood from patient

Globulin Albumin Low 'G's Madium(G's High ‘G’
Mermbrang ¢ K
ANTICOAGULANT '.mm o. B
PLASMA )
AUTB - " ’ g
Bt pr
fov  Eyocys Lakoops o
Merrane
T WHOLE . Homane ,  Hectroltes
PLASMA. onymes
Blood retum Blood retum

European Oncology & Haematology, 2018



Texvikec MAaopadolpeECNC KAL TO KUPLOL XOLPOKTNPLOTLKA TOUC

TP modality

Plasma purification
techniques

Characteristics

Secondary filter or column Replacement
solution

Non-selective
plasmapheresis

TPE

The volume of plasma is eliminated and replaced
at the same time with the same volume of a
replacement solution.

Allergic and infections risks associated with the
use of replacement solutions.

Difficulty in obtaining high quantities of
replacement fluids, especially in prolonged
treatments.

None Yes

Semiselective
plasmapheresis

DFPP

The volume of plasma is conveyed inside a
secondary filter where it is treated semiselectively,
with holding from the plasma pathogen and
substances of mw >15 kDa and the shape similar
to the hole of the filter. The same plasma purified
is reintroduced at the patient.

Cascade filter for DFPP Not required

Rheopheresis

Rheopheresis eliminates pathogens (mw >60
kDa) that negatively impact on hemorheology.

Rheofilter for rheopheresis

Selective
plasmapheresis

A
PAP
LA

The volume of plasma is conveyed inside a
column where it is treated selectively by
eliminating pathogens. The same plasma purified
is reintroduced at the patient.

Column removes selectively pathogen Not required
thanks to physicochemical or

immunological or biological binding with

matrix

TPE, therapeutic plasma exchange; DFPP, double filtration plasmapheresis; IA, immunoadsorption; LA, lipoprotein apheresis; PAP, plasma adsorption

perfusion.

Kidney Blood Press Res 2023



Entidpaon dtadpopeTikwy TPOTIWY BEPATIEVUTIKNC
MAOCHOPALPEONC OTO CUOTATLKA TOU TMAQOOTOC

I Simple Centrifugal plasma exchange I

I Simple membrane plasma exchange I

I Double filtration plasma exchange I

I Scknﬂvnlnununooduupﬂonl

| Lipid adsorption

Weight 0,06 0,113 13 13,7 26 69

KDalton

Size nm 0,1 1 10 14x4 13,7x8,4 19x14 20 30 75 1000

Ther Apher Dial 2021



Ky ASPET THE JOURNAL OF PHARMACOLOGY
" AND EXPERIMENTAL THERAPEUTICS

PLASMA REMOVAL WITH RETURN OF CORPUSCLES (PLASMAPHAERESIS)

FIRST PAPER

JOHN J. ABEL, L. G. ROWNTREE, and B. B. TURNER

Journal of Phamacology and Expenmental Therapeutics July 1914, 5 {6) 625641

(5% '|'|T|n

John J Abel (1857-1938)

A method of human plasmapheresis.
WS Adams, WH Blahd, SH Bassett

Proceedings of the Society for Experimental Biology and Medicine, 1952 - journals.sagepub.com

Phlebotomy, 1520 (from the National

S
Library of Medicine. Bethesda, Maryland) vmmary

A simple method for human plasmapheresis is described. In a single patient with multiple
myeloma it has been shown that the removal of 30 g of plasma protein daily can be
continued without ill effect and without substantial decrease in the concentration of plasma
protein for at least five weeks. Nitrogen equilibrium was maintained when the diet
contained 85 g of protein per day and 2500 calories.



Kuptec evdeiéelc mhaouadaipeonc cupdpwva pe TIc odnyiec ASFA 2023
kKatnyoplo aro | ewc Il

Category Disease with main indications Plasmapheresis Category  Category Disease with main indications Plasmapheresis ~ Category  Category Digease with main indications Plasmapheresis ~ Category
madality and grade madality and grade madality and grade
Cardiology and Dilated cardiomyopathy, idiopathic. NYHA IV IASTPE 11BN 2C Hemaophagocytic lymphohistiocytosis; hemophagocytic syndrome; TPE 2¢ Pediatric auteimmune neurapsychiatric disorders associated with streptococeal
lar di It P .
vasculardisease Peripheral vascular diseases LA (13 mactophage-activating syndrome Inre;.:;gs;;ﬁer:iﬁimiun TPE e
Cardiac neonatal lupus TPE W 2c Hepannqnd_uced thrombocytopenia and thrombosis Sydenham’s chorea, severe TPE 128
Pre-cardiopulmonary bypass TPE il 2¢
Dermatology Femphigus vulgaris. Severe TPEAA 12BN 2C Thrambasis TPE 1 2c Acute disseminated encephalomyelitis. Steroid refractary TRE 1z
Scleroderma (systemnic scherasis) TPE h2C Immune thrembacytopenia. Refractory TPEAIA lii2C MS
Toxic epidermal necrolysis. Refractory TPE 28 ; | Acute attack/relapse TPEAIA IANB
— — — Post-transfusion purpura TPE lizc Chroric TREAA 28
ndocrinclogy and  Familiar hypercholesteralaemia " \ T
metabolism Homozygotes LA/TRE 11AAIE Hiscelaneous o”e.'fff'.e."fe.“fﬁ'i’f‘ and poisaning - i Neuromyelitis optica spectrum disorders
Heterozygotes LA Acute attack/relapse TPEAA g
Lp(a) hyperlipoproteinemia. Progressive atherosclerotic cardiovascular disease LA Category Disease with main indications Plamnahemsis C:;egorg Maintenance TPE iz
mada and grade : i i
Thyroid storm — Voltage-gated potassium channel antibody-related diseases TRE/A e
Steroid-responsive encephalopathy associated with autaimmune thyroiditis TPE Tra.nspl.antation, IL‘_"“g o Lambent-Eaton myasthenic syniiome TPE fizc
{Hashimoto's encephalopathy) Anubot;l?-rn.edlated rejection TRE lir2c Progressive multifocal leukoencephalopathy associated with natalizumab TPE nic
— - — Desensitization TPE i 2¢
Phytanic acid storage disease (Refsum'’s disease) TPE/L - - Chrnic focal encephalitis (Rasmussen encephalitis) TPE 2
- - Transplantation, renal, ABO compatible
Gastroenteralogy  Acute liver failure TPE-H Antibody-mediated rejection TRE/A 1B B lastic r logical syndi TREAA e
Wilson disease, fulminant TPE Desensitization, living donor TPEAA 11B Stiff-parson syndrome TPE T e
H alvceridemi it Desensitization, deceased donor TPE/IA Inzc
ypertriglyceridemic pancreatitis Iphthalmalog Age-related macular d ion, dry. High risk Rheopheresis 1128
Severe TPE/L Transplantation, renal, ABO incompatible
Prevention of relapse TPE/L: Desensitization, living denor TPE/A 1B Jtolaryngology Sudden sensorineural hearing loss LA/Rheopheresis/ 1l 2A
Pruritus due to hepatobiliary diseases. Treatment resistant TPE Antibody-mediated rejection TRPEAA g TRE
. . " I AT A DLW, RE, LLEaUTNE 23,7 3 ) Hhet logy ¥ phic antiphospholipid syndrome TPE 12€
Erythropoietic protoporphyria, liver disease TPE lz2c MPA/GEAJRLV: REGN, creatinine <5.7 ToE e —
Gynecology Hemalysis, elevated liver enzymes, and low platelet syndrome (HELLP TPE Il 2 MPA/GPA/RLV: DAH TPE e - iatal TREAA 1240 28
syndrome). Postpartum EGPA TPE i2c Systemic lupus erythematosus. Severe complications TPE I12¢
Hematalogy Hyperviscosity i.n hypergammaglobulinemia Myeloma cast nephropathy TRE Il 28 Vasculitis, lgA (Henoch-Schanlein purpura)
Symptomatic TPE I8 A renhronaty (Berere di Crescentic RPGN TPE i
Prophylaxis for rituximab TPE 11c lgA nephropathy (Berger's disease) P
Crascentic form TRE 28 Severe extrarenal manifestations TPE iz
Thrombotic microangiopathy, thrombaotic thrombocytopenic purpura TPE 11A Chronic progressive form TPE e Vaseulitis
Thrambetic microangiopathy, complement mediated R . . . o Hepatitis B polyarteritis nodosa TRE l2¢
Factor H autoantibody ToE |36 Focal segmental glomerulosclerosis. Steroid resistant in native kidney TRE lirzc Behcat's dissase e e
Complement factor gene mutations TPE lzc Neurol Acute infl, demyelinati dicul thy (Guillain-Barré TPE 1A
i "9 e eurelogy sc:;er;;;r:m;l:ryl :::ym:;aung palyradiculoneutopathy (GullaireBar Transplant Transplantation, cardiac
Thrombotie microangiopathy, drug associated i Trmany ™ Desensitization TPE nc
Ticlopidine TPE 128 Myasthenia gravis Antibody-mediated rejection TPE il 2C
Clopidogrel TPE Il 28 Acute, shortsterm treatment TPEAA e - — - - -
— - - - Lofa-terrn traatment TPEAA 1128 Transplantation, hematopoietic stem cell, ABO incompatible (ABOI)
Thrombotic microangiopathy, coagulation mediated. THED, DGKE, and PLG TPE iz 9 Major ABOI HEC (M) TPE e
mutations Chronic inflammatery demyelinating palyradiculoneuropathy TPEAA 18 Major ABOIHRC (A) TPE 1128
e mi i | i i Major/Miner ABOi w/ BBC aplasi TPE n2c
Th";‘;gtc“’:;;“ icroangiopathy, infection assaciated —_— i ac N-Methyl-D-aspartate receptor antibody encephalitis TPEAA e ajor/Miner ABOIw/ pure REC aplasia
Severe pHUS TPE lz2c Paraproteinemic demyelinating neuropathies; chronic acquired demyelinating Transplantation, hematopoietic stem cell HLA desensitization TPE e
I N - ) polyneuropathies Transplantation, liver
Thrombotic microangiopathy, transplantation associated TPE nzc laGrlgA/IgM 1oL 118 Desensitization, ABOH living danor Tee e
Auteimmune hemolytic anemiaSevere cold agglutinin disease TPE 2c Anti-MAG neuropathy TPE nc Desensitization, ABOi deceased donor TPE iz
Coagulation factor inhibitors TPEA 1 2071 2B Multiple myeloma TRE l2c Antibody-mediated rejection TPE l2c




ErtutAokec mou oxetilovtal pe TPE

Access-related
Peripheral access

Hematomas, nerve damage, sclerosis of veins/
arteries

1.48%

CVC Thrombosis, infections, pneumothorax, arterial 0.11%-0.36% (more

puncture, air embolism complications in subclavian

[60%] vs jugular [20%] CVCs)

Ports Early: pneumothorax, hematomas, arrhythmia, 18%

arterial puncture; late: thrombosis, port-pocket

infection, pinch-off syndrome
AVFIAVG Thrombosis 12%-20%

Inadequate maturation 60%
Anticoagulation-related
Hypomagnesemia Citrate chelation NA

Thrombocytopenia

Heparin-induced thrombocytopenia

1%-5% (not specific to TPE)




ErtutAokec mou oxetilovtal pe TPE

Procedure-related
Anemia Hematocrit may decrease 10% due to NA
intravascular expansion with hyperoncotic
fluids; hemolysis if hypo-oncotic priming
solutions used
Hypotension, dyspnea, Complement-mediated membrane 0.4%-15%
chest pain bioincompatibility; ethylene oxide
hypersensitivity
Thrombocytopenia Loss of platelets in the discarded plasma, circuit NA
clotting, or dilutional effect by replacement fluid
Vitamin deficiencies Depletion of protein-bound vitamins (A, B, B, NA

C, and E and B-carotene) of 24%-48% with
rebound to pretreatment levels within 24 h

Replacement fluid-related
Anaphylactoid reactions

Coagulopathy

Electrolyte/acid base
abnormalities

Transfusion of IgA in donor plasma to patients
with selective IgA deficiency; contamination
with bacteria, endotoxins, pyrogens; presence
of prekallikrein activator and bradykinin (ACEI);
antibodies to polymerized albumin (rare)
Depletion of coagulation factors and its
inhibitors related to albumin replacement alone
(Table 4)

Hypokalemia (albumin), hypocalcemia (frozen
plasma), hypomagnesemia (frozen plasma),
metabolic alkalosis (frozen plasma)

0.02%-0.07%

0.06%-0.14% for thrombosis,
0.06% for bleeding

9%-19.6% for hypocalcemia,
0.03% for alkalosis

Infection Hypogammaglobulinemia (albumin), viral NA
transmission (frozen plasma)

Transfusion-related Transfusion of donor antibodies (frozen plasma) NA

lung injury e ———————

Hypervolemia Administration of replacement fluid NA




ALTLEC OLONPOTIEVLKNC AVALLLLOG
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Complications in patients treated with plasmapheresis
in the intensive care unit

Table 2. Complications during plasmapheresis

Compilation Incidence (all procedures n =370)
Life-threatening Fall in the arterial blood pressure requiring pressor amines/shock 4 (1.08%)
Arrhythmias requiring pharmacological treatment 3 (0.81%)
[ Haemolysis 1(0.27%) ]
Non-life-threatening Arterial blood presure fall not requiring pressor amines 27 (7.30%)
Arrhythmias requiring fluid supply or subsiding spontaneously 10 (2.7%)
Anxiety/agitation requiring sedation 5(1.35%)
Sensation of cold/paresthesias 4 (1.08%)
Allergic reactions 3 (0.81%)
Lower limb pain 3 (0.81%)
Fever 2 (0.54%)
Abdominal pain 2(0.54%)
Eyelid tremor 1(0.27%)

Anaesthesiol Intensive Ther 2013



Hemolysis during therapeutic plasma exchange:

A rare phenomena

Hemolysis is a known complication in patients undergoing plasma

exchange using membrane filtration technique with a reported inci-

dence rate as high as 35.4%.%? Hemolysis using membrane filtration

technique has been attributed to increased transmembrane pressure
resulting in alteration in plasma flow, shearing forces and sieving, thus,
leading to hemolysis.’

However, it is infrequent in procedures performed using the

centrifugation method and the only reported cause is the use of

25% albumin diluted to 5% albumin using sterile water as a replace-
ment fluid.* Currently, therapeutic apheresis procedures are being
performed using 5% albumin or 20% albumin (reconstituted in nor-
mal saline) is being used as replacement fluid. Here, we report an
interesting case where hemolysis was seen during therapeutic
plasma exchange (TPE) which was performed using cell separator
machine.

Transfusion Medicine 2023
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AlpoAuon

Drugs / Fluids

A

Patient related X

AN

Tonicity of replacement fluids used
>

G6PD deficiency

ABO incompatibility blood component X

Drug intake by patient X
|

Kink in the tubing Faulty clamping

Alarms & Trouble Shoots High blood inflow rate

Peripheral venous access
1

Faulty kit installation

Continuous/ Intermittent Flow

Conventional Plasmapheresis /
Cascade plasmapheresis /

Hereditary spherocytocis

Sickle cell anaemia

Centrifugal/ Membrane Filtration

immunoadsorption

Fi

Equipment and Kit X Technical X

Method X

Asian Journal of Transfusion Science 2019



Annals of Clinical & Laboratory Science, vol. 48, no. 3, 2018

New Onset Iron Deficiency Anemia in Chronic Therapeutic
Plasma Exchange Patients

e AVaOPOULKN QVOLOKOTINGN TWV APXELWV
aoBevwv Ttou urtoBANBNnkav os xpovia TPE

e Touhaxlotov uia TPE 1-1,5 oykou
nAdopotoc KaBe 2 eBoouadec ya
TouAdylotov 1 pnAva Kot TouAaylotov 8
ouvedpliec TPE

* YypO avtaAAaync: 5% Aeukwpativn

 Memorial Hermann Hospital Texas amo
1 lavouapiovu 2012 €wc 31 louAiou 2016

"uui.L :

i e i i _iii_fil_Hi
3 .

Annals of Clinical & Laboratory Science, 2018



Annals of Clinical & Laboratory Science, vol. 48, no. 3, 2018

New Onset Iron Deficiency Anemia in Chronic Therapeutic
Plasma Exchange Patients

o Awoodatpivn/Aotokpitng |

(Hgb/Hct)
* M£ooc oykoc epuBpwv (MCV) = KaBe
e EUpoOC KaTtavoung epuBpwv TPE
atpoodatpiwv (RDW) B
e 2ibnpoc opou )
* Qepptrivn

>_Xpova TPE — eAeyxoc¢

* Kopeopog odbnpovu
yla EAAewhn Fe

e OAKN oldNPOSECEUTIKN LKOVOTNTA
(TIBC)

—

Annals of Clinical & Laboratory Science, 2018



Annals of Clinical & Laboratory Science, vol. 48, no. 3, 2018

New Onset Iron Deficiency Anemia in Chronic Therapeutic
Plasma Exchange Patients

* Eywve kataypadn:
v’ 3UuvoALkoU aptBpol TPE mpwv oo tn Stdyvwon tnc IDA
v’ 3UVOALKOU aplBpol nuepwv aro tnv evapén tnc TPE €wc tn
dtayvwaon tnc IDA
v’ Méoou aplOpol nuepwv ava kabs TPE avad aoBevn mpv amod tn
dtayvwon IDA

v KAWLIKWV XapaKkTNpLoTLKWV KAOs aoBevn yia mpoodLloplopd twv
aocBevwyv mou dtatpexouv Kivouvo yia IDA Kol Twv Ttapoyoviwy
nov Ba BonBrioouv otov evtorilopo acBevwv vpnAov Kivduvou
eudavionc IDA oto peAdov

Annals of Clinical & Laboratory Science, 2018



AmoteAeopaTa

18 aoBeveic mMAnpovoav ta KpLtnpla yla xpovia Oepaneia pe TPE

8 aoBeveic amokAeiotnkav (dev eixav MANPELS PLEAETEC oLdrpov)
10 aoBeveic mAnpouoav Ti¢ tpoUmoBETELC

E&L otouc 6eka aoBeveic (60%) avemTuéav oLONPOTIEVLKNA VLol KATTOLO OTLYA KT
N dLapkeLa tn¢ xpoviac dtadikaoioc Bepamneiac pe TPE

HAWLoKO eUpocg 24-78 €tn

Annals of Clinical & Laboratory Science, 2018



KALVLKO YapaKTnpLoTtlka acBevwyv umo ypovia TPE

ue otayvwon DA

Patient Gender Age Diagnosis Clinical Signs/
(vears) Symptrtoms at time
of IDA diagnosis

Patient 1 Male 78 Myasthenia Generalized fatigue,
Gravis pale appearance

Patient 2 Male 25 Myasthenia Fatigue
Gravis

Patient 3 Female 66 Pre-Transplant Asymptromatic
HILA Anrtibodies

Patient 4 Male 59 Pre-Transplant Increased fatigue
HIL A Anrtibodies

Patient 5 Male 38 Heart Transplant Fatigue
Rejection

Patient 6 Male 24 Heart Transplant Asymptrtomatic

Rejecrion

Annals of Clinical & Laboratory Science, 2018



[evikn Alpatoc yio kaBe aocBevrn uto xpovia TPE mou dtayvwotnKe
e IDA
Kota tnv evapén tnc TPE (A) kot otav dtayvwotnke pe IDA (B)
(aoBevelc IDA)

Patient Total # TPE Total # Days Avg
from start to from start #days/ =
Patient Hgb (¢/dL)/ || Hgb (g/dL)/ | MCV (fL) MCV (fL) diagnosis of of TPE to TPE
Het (%) A Het (%) B A B IDA diagnosis of
IDA

Patient 1 15.5/46.4 85278 L 91.9 733L Patient 1 28 174 2
Patient 2 10.233.0L || 8.1276L 714L 60.7 L Patient 2 63 612 97
Patient 3 114/33.0 L 0.6/204 L 94.3 97.6 Patient 3 10 34 3.4
Patient 4 10.0303L || 7712521 871 88.4 Patient 4 10 48 4.8
Patient 5 10.1/342L || 7.8/25.1L 874 784L Patient 5 20 59 3
Patient 6 54472 || 78511 | 896 BIL Patient 6 42 510 12.4

Annals of Clinical & Laboratory Science, 2018



AplBuoc TPE amo tnv evapén tnc TPE ewc tn dtayvwon tng
IDA

AoBeveic umo xpovia TPE pe
duololoyika enineda Fe

Patient Total # TPE Total # Days Avg Patient Total # Total # Avg #
from start to from start #days/ TPE days  days
diagnosis of 0‘f TPE to TPE from  from TPE
IDA diagnosis of start to  start to

[DA . .
suspicion suspicion

Patient 1 28 174 6.2 of IDA of IDA

Patient 2 63 612 9.7 ‘

Patient 3 10 34 34 Patient 7 8 43 5.3

Patient 4 10 48 4.8 Patient 8 12 62 5.1

Patient 5 20 59 3 Patient 9 18 80 4.4

Patient 6 42 510 12.4 Patient 10 38 86 2.2

Annals of Clinical & Laboratory Science, 2018



Xpovio mAaopadoilpeon

1-1.5 oyko mAaopotocg X

e ATTOMAKPUVON TOU KATOVEUNUEVOU OLONPOU 0TO TTAACHA
e AntwAela RBC péow epyaotnplaknc cuAAoync SeLlypaTtwy

e AntwAela RBC katad tn dtapkela kaBe cuvedpiac LECW
QATTWAELAC 0TO KUKAWUO TNE EEWOWHATIKAC KUKAODOopLAG




Safety Aspects of Hemodialysis

Red Blood Cell Damage from Extracorporeal Circulation
in Hemodialysis

* H anwAesla owbnpou ivatl avamnodeuktn oe aobeveic mouv utofarAovtol o€ alpokadapon

* H anwAeLla owdbnpou €xeL ektiunOet otL kupaivovtayv amnod 1.000 éwg 3.000 mg eTtnoiwg
(looduvapo pe to oibnpo mov nepLlExetat o€ 5-7 Aitpa TARpou¢ alipatoc), ota maAatov TUoU
diAtpa

* MKPOTEPEC TTOOOTNTEC aipatog ~ 2-3 Aitpa to xpovo otav xpnotpomnotovvtal hollow fiber diktpa

Yearly total blood loss by mechanical damage 1n the
EC (excluding the blood pump) has been estimated to be
2-3 1. The blood damage caused by state of the art roller
pumps has not been estimated but may be in the same
range. The hydraulic design of the extracorporeal circuit,
surface chemistry, and surface roughness in combination
with shear stress are the main determinants of blood
damage.

Seminars in Dialysis 2009




Annual Iron Loss Associated with
Hemodialysis

Patient number

80

O Mn TOPOPLETPLK) KATOVOU TWV

O R B R L R R OUVOALKWYV OUYKEVTPWOEWV oLOpou

o4t @By 238 GELVIJdTwV

A0 | H ouykévtpwon oldripou Kupavenke

o tuEm and 126 éwg 2.390 pg/d|

200 R B H LEon cuyKEVTPWON NTOV

0 HFH 1] 1 HH ----------------------------------- 670,0 + 433,5 pg/dl (Léon Tun + SD)

S LD L e e e e ue SLapeon ocuykevipwon 547,5 pg/dl
gy

Am J Nephrol 2016



Annual Iron Loss Associated with
Hemodialysis

N

Source Iron content Number of times Iron loss
Residual blood 1,002 pg (median)/session 156 160.8 mg
(95% CI 377.6-3,461.6 pg) (95% CI 58.9-540.0 mg)
Blood sampling 50 ml whole blood/month 12 228.6 mg
(38,097.18 pg/dl Fe = 11 g/dl Hb)
Blood waste 2 ml whole blood/session 156 118.9 mg

(38,097.18 ug/dl Fe = 11 g/dl Hb)

Total sum

|

508.3 mg

(95% CI 406.4-887.5 mg)]

Am J Nephrol 2016



Comparison of Blood Loss with
Different High-Flux and High-Efficiency
Hemodialysis Miembranes

F-50 F-80 CA-210 CT-190 O oykog RBC rou mapapeveL 0To
=10) (n=38) (n=10) (n=10) fo :
€EWOWMATIKO KUKAWUQ, LE 4 ouvnOELC

Arterial line 0.20+0.055>  0.10+0.012 0.13+0.02 0.11+0.01 ' :
Venous line 0.20+0.03 0.17+0.01 0.14+0.01 0.19+0.02 XPNOLUOTIOLOUEVEG TILO BlocupBateg
Membrane 0.24+0.03 0.31£0.04%¢  021£0.003¢  0.22£0.02 g quavgq Uu_pn)\nq ponq/ UllJr]?\r]q
Whole system! 0.63+0.07¢ 0.58+0.04 0.48 +0.04¢ 0.52+0.02

anodoong, kupaivetol ano 0,5-0,6 ml ava

Mean * SE, symbols indicate p < 0.05 with ANOVA between different dialyzers. K(IIGE 0UV85p'LOL HD
The whole extracorporeal circuit (membranes, arterial and venous lines).

1

* ZNUOVTLKN HELWON EVEPYOTIOLNGNG TWV QULUOTIETAA WY, TWV OUSETEPOPIAWV KoLl
TOU CUMUTTIANPWUOTOC

* MeLwvEeL TOV KivdUVO OXNUOTIONOU ULKPOBPOUBWY, LE OTIOTEAECHUO ONUAVTLKOL
MAyotepa RBC va Statnpouvtal otn uequavn aLpokaBaponc Kol o€ OAOKANPO
TO EEWOWMATIKO KUKAWUOL

Am J Nephrol 2001
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2XNUATIOMOC BpOUPOU ECWOWUATIKAC
KUKAodopLac

Evarnobeon npwieivwy

MpookOAANGN Kall
OUOCWPELON
QLLULOTIETOA LWV
Mapaywyn
OpouBoavng
Evepyormoinon tou
KOTOPPAKTN TNG
gvbéoyevouc mNéng
ZXNHOTLONOG Bpoppivng
EvamoBeon wikng

H C3bevamotiBetatotnv . :
HEUBPAVN TTPWTEIVEV AlpomeTalia ouykoAAnueva
ogTovwdoyovo

AOUIKEC mugéc oToV
napayovta rnEng X1l kat

AlpoTeTaAlo \
1 Xlla

H1gG evepyomotei To
CUUTTANpWHA

TUVBETIKN ETIdAVELL

Mopia Anpoupyia vedoug
wwdoyovou




[TNEN Ko EEWOWUATIKN KUKAODOpLaL

Otav n pon aipatog eival YapnAn Tol aLUOTIETAALA TTOPOUV VO TIPOCKOAAWVTOL
OTOL UALKAL TNC EEWOWMATLIKNCS KUKAodoplac kot va oxnpati¢ouv BpouBoug
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Mechanism Centrifugal Force Capillary membrane filter
Blood flow (ml/min) 10-150 150

Plasma extraction (%) 80 30

Plasma removal (ml/min) Variable 30

Anticoagulation Citrate Heparin

Separation Specific Gravity Size

Blood volume in circuit
Molecular wt cut off(D)
Sterilisation

Fluid replacement

180 ml approx
N/A
Gamma irradiation/ EO

Albumin / FFP

125 ml approx
3 million

Ethylene oxide
Albumin / FFP




Ol bladkaoiec mhaocpadaipeonc amattovv
QVTUTNKTIKA aywyn yio tTnv mpoAndn tn¢ mNénc
TOU QLMOTOC OTO £EWOWHATLIKO KUKAWMOL

e Je mMoAAA voonpata avtevdeikvutal n xpnon
OLVTUTNKTIKWV

[eyovoc mou:
* AVEAVEL TNV ATTWAELO ALLATOC TWV 0LoOEVWV



The iron cycle

IH —

Erythrocytes

| (~1800 mg)
5.5 ’0

>

Macrophage
~600m
Erythropoiesis ( : 9
(~300 mg)
. 20-25 mg/day
Plasma Fe** Transferrin
(~3 mq)
-1-2 mg/day
A \
E -1-2 mg/day
Iron loss Heart, muscle, Liver
Enterocyte (cell desquamation) other organs

to 1000
(~300 mq) Wite mg)



Plasma Mol

Plasma protein concentration weight (KDa) Half life Description

ALBUMIN 35-55 g/L. 69 21 days Oncotic pressure, buffer, toxin/drug transport,
production 10-15 g/d by liver,

GLOBULINS 25-35 g/L.

Alpha globulins 7-13g/L Highly increased in inflammation a2 increases

(al-a2) significantly in nephrotic syndrome

al antitrypsin 09-2.3 g/L 54 5 days Protease inhibitor

Haptoglobin 03-2g/L 85 S days Binds to free hemoglobin to inhibit its oxidative
toxicity

a lipoproteins 18g/L 175-360 High-density lipoprotein

Protein C 3-5 mg/L 62 6-10 hours Inactivates factors V and VIII, anti-

65-135 1U/dL inflammatory, endothelial protection
Thyroxin- 11-21 mg/L 54 5 days Binding to T4
bindingglobulin

Ceruloplasmin 200-500 mg/L 160 5 hours Copper transport

Fibrinogen 1.5-4 g/L 340 96-120 hours  Coagulation factor, acute phase reactant

Transferrin 2-36¢ /L 76 8-10 days Iron transport

C3 complement 08-1.5g/L 240 64-81 hours Protease, acute phase reactant

C4 complement 0.2-0.5 g/L. 200 46-70 hours  Classic complement component

CS5 component 70 mg/L 190 Divided by C5 convertase to C5a (anaphylatoxin)
& C5b (participates in MAC)

C1 component Clq: 018 g/L Clq: 440 Classic complement pathway, apoptotic cell

clearance

Ther Apher Dial. 2021



Nephrol Dial Transplant (2008) 23: 2925-2935
doi: 10.1093/ndt/gfn127
Advance Access publication 8 April 2008

Original Article

Nephrology Dialysis Transplantation

Protein adsorption during LLDIL.-apheresis: proteomic analysis
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EP values in % of AP

Low-Density Lipoprotein Apheresis Decreases Ferritin,

Transferrin and Vitamin B12, Which May Cause Anemia in
Serially Treated Patients

TABRBLE L Hlwrd connd reslic

Femals
Mormal values Before Afler Bekire Adter Before Adier
Hemaghohin {ghd L) Fz N15-150, 128 {12.0-115) 125 (D15-029) (Mg Ry ) L {ROS—D24)p XD {122-12T) 125 (119131}
Mz 125175
Hematocmt %) Iz 354, 156 (M T-158) A6 (ATH-I6T) Bl (ALT-3T.5) 355 (332-37.2) IES (AT 3-G) T8 {ME—I0T)
Iz 2551
Endhrocdes {= 100 L) F: 3851, A4 {d l—=b5) doll {4 d-1Ep dall {4012 Al {4 0= 0 43 {4 1-LTh A2 {4 0=LTh
Mz 44559
Mean corpascular valume {TL) BI85 L0 B35S0 L0 | BRO-SAEY LRl bl s R | T BLSS00h SOLO SRR SO {05
Mgan gorpusgular hemoglobin {pgh -3 L5 | 2T T ML MLl {27 A-2L0) 230 | 2T IE) 15,0 | P Pl Rt Fe Ml {250-11.3)
Fréss hemaghkobin {mgkll b g ) 10 52150 L Sl a8l [ 5] et (b4 L (5-Eh1) 115 {55150 ) Th5 TNl h
Hagioghabin A5=1015 122 LT A= 5 L0 {0A49=1.2T) TN AT=0 51k (L% I 13— =N (IO T LT I TT=1 7T
CONCLUSION
110 -
105 - Our data demonstrated a significant elimination of
100 - ferritin, transferrin and vitamin B12 by a single LDL
* . . . . . .
95 - apheresis session, suggesting induction of anemia by
90 - regular intensive LDL apheresis, independent of the
85 e LDL apheresis method. These observations support
80 - the concept of close monitoring of iron metabolism
75 - and vitamin B12 concentrations and early substitu-
70 - tion, since almost all patients are affected indepen-
65 1 dent of gender and LDL apheresis methods.
60 1
Transferrin Iron

Therapeutic Apheresis and Dialysis 2009



THROMBOTIC MICROANGIOPATHY, TRANSPLANTATION ASSOCIATED

Incidence: 10% to 40% in allogeneic hematopoietic stem cell transplantation

Procedure Category Grade

TPE I 2C

# reported patient ]b@ RCT CcT cSs CR
Post-HSCT b/ jbl' 0 0 >10 (>200) NA

Technical notes péi[
TPE for patients with TA- T\rlA N a
bleeding and hypotension. Therefore, . O
TPE for TTP. This may make a therapeutic e.

*\bogylopenn anemia and co-morbidities related to GVHD and infections, including
%, " OH responses may be variable and incomplete compared to patients undergoing

6‘1) ts

04

Replacement fluid: Plasma or plasma/albumin

=. ACD-A should be used as anticoagulant in patients with bleeding risk.

812‘5'10 \% Frequency: Daily, or as needed for chronic management

s
Duration and discontinuation/number of proc\. ‘31’8 f}e

Volume treated: 1 to 1.5 TPV

CRYOGLOBULINEMIA

Incidence: ~50% of patients with chronic hepatitis C virus

Volume treated: 1 to 1.5 TPV
Replacement fluid: Albumin
Duration and discontinuation/numbe>

For acute symptoms, performance of 3 to 8 procedure

indicated in patients who initially rcﬂpondc«‘

should not be used as a criterion for in*

symptoms and serve as a bridging therapy prior * “

wi°

QX\
s

Indication Procedure Category Grade
Severe/symptomatic TPE/DFPP II 2A
IA II
# reported patients: >300 RCT CcT Ccs “%\)Q
TPE 1(59) .&\\‘0
IA 1(17)

«<very 1 to 3 days

%{\» %‘\{)‘\%

vonsidered. TPE may rapidly improve acute
—<kly to monthly maintenance treatments may be
_secause the cryocrit is not a marker of disease activity, it

“milar to treatment for TTP.

TPE is usually performed daily until a clinical response is achieved and then either a. Ol’e C,

\g‘&

0¥ X

yo) FAMILIA~ ) _£MIA
COMPLEX REGIONAL PAIN SYNDROME QZ‘I@ a"sd ‘5,‘\%&
y o bjf Pro s O \‘ _sgotes: 1 to 6/1,000,000
Incidence: 5-26/100,000/year f ﬁ / ,é &e“{\,\) ? Procedure Category Grade
Indication Procedure Category U, 8] OII] : LA 1 1A
Chroni TPE 1 8’ 0( y, %\“‘5 LA I 1A
ronic
# reported patients: <100 RCT cT cs \ 811 A TPE o L
. " matients: >300 RCT CcT CS CR
0 0 ) "\\Q‘{,\‘\% 1'64;0 '312 1]7 6 (406) 11 (671) NA NA
Volume treated: 1 to 1.5 TPV Frequency ~ I]S, 14 (62) NA

Replacement fluid: Albumin * Q“'

Duration and discontinuation/number of procedy
As above, and then as indicated for maintenance management (as #

Procedure
ECP/IA/TPY

# repo.
ECP

Grade

m‘i - > o

o
r\\\ \3\3& 1(20) 2 (45) 11 (121) NA
6 (100) 3(19) NA

A e 0
TPE/DFPP \e® 0 109 0 1(1)

Duration . ..d discontinuation/number of procedures

The initial ECP treatment for AD is typically one cycle (2 treatments) every 2 weeks for 12 weeks, thereafter ECP treatment regimen depends
on individual response, but is typically performed every 3-4 weeks, and then tapered to every 6-12 weeks before stopping: however, protocols
have varied. Several studies have performed ECP treatments on consecutive days and many centers continue to use this practice. Relapse
could be treated by returning to the interval frequency of the previously effective treatment schedule. In IA, 10 to 12 treatments are per-
formed over 4-6 weeks.

6’,57 c? ‘71](7 0 1(10)
Volume .. ‘9 o
recommenda.yb 00)

TPV

1
Replacement fluid: LA: Nn 1c?b / (7[ [[e

“umes vary according to
~ars; TPE: 1 to 1.5

Frequency: weekly or biweekly, adjusted by individual evaluation of
LDL-C target attainment; FDA has recommended to obtain an inter-
apheresis LDL-C level <120 mg/dL

Duration and discontinuati.. ’JQ’
Chronic regular treatment every 1 to 2 weeks is (.llnlu

CHRONIC FOCAL ENCEPHALITIS

Incidence: ~2/10,000,000 under age 18 years OO)[]Q . Q, d .

Procedure Category Ied P ]% N

TPE/IA 11 0[)' ) (1‘10

# reported patients: <100 RCT dl[ e O‘g CR

0

>
5

Duration and discontinuation/number of procedures

After an initial course of treatment, subsequent courses of TPE (with or without IVIG), or IA may be performed at intervaws 1] several
weeks for a period up to 9 months as empirically needed to maintain clinical stability and avoid or delay hemispherectomy. Immulivsuppres-
sive medications may increase the interval between courses.
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e AtwAEL allpatog 0to KUKAWUOL
eEWOWUATLKNG KUKAOdOpLAG

* OPOoUBWOELC KUKAWUOTOC
eEWOWHATIKAC KUKAOdOopLaC

e Xpovia anwAeLla tpavdepivng
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