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Ekstrakorporal tedavi yontemlerinde dolasim digina alinan kan altta yatan soruna

yonelik olarak gerekli igslemlerden gegtikten sonra tekrar dolagima geri verilmektedir.



ironik bir degerlendirme yaparsak;

Ekstrakorporal tedavi sanki bir “seytan ¢cikarma” girisimidir:

Cruor in fosam confusum, ut inde

Manis elicerent, animas responsa daturas

Hepsi bir cukura dokuldi kanin, bu gukurdan

Cikacakti hayaletleri, ruhlari yanit vermek icin



Ekstrakorporal tedavi, konvansiyonel tedavilerin sinirh etkili oldugu
durumlarda farkl stratejilerle ve farklh uygulamalarla giderek artan

yogunlukta glindeme gelmektedir.



Ekstrakorporal tedavi bir takim tedavi yontemlerinin genel adi, teknik bir siniflama
Hem cihazlar hem de metotlar hastanin durumuna gore degisik

Hemodiyalizle birlikte baslayan tedavi yontemlerinde giderek artan bir gelisme



Ekstrakorporal Metodlarin Endikasyonlari

*Tum destekleyici tedaviye ragmen cevap alinamayan olgular

*Ksenobiyotiklerin atiliminin gerceklestigi organlarda yetersizlik oldugu durumlar
*Bobrek veya karaciger yetersizligi olan olgular

*Alinan ksenobiyotiklerin ciddi oranda kanda bulunmasi

*Komorbid hastaliklar ve yas

*Bu olgularin komaya ve hemodinamik dengesizlige toleranslari dusuktur.

*Acil hemodiyaliz, hemoperuzyon endikasyonlari



Ekstrakorporal Tedavi Yontemleri

Hemodiyaliz

Hemoperfuzyon

Hemofiltrasyon

Hemodiafiltrasyon

Surekli renal replasman tedavileri

Plazmaferez

Karaciger destek tedavisi veya ELAD (Extracorporeal Liver Asit Device)
Kan degisimi

Periton diyalizi

Ekstrakorporal membran oksijenasyonu (ECMO)
ECCOR (Ekstrakorporal CO, uzaklastiriimasi)

Ekstrakorporal hiperkolesterolemi tedavisi
Ekstrakorporal fotokemoterapi
Immunoabsorbsiyon



Hemodiyaliz

*Dusuk dagilim hacmi (<1L/kg) [Vd (L/kg)=doz (mg)/konsantrasyon (mg/L)]
*Tek kompartmanda bulunma

*Dusuk endojen klerensi (<4ml/dak/kg)

*Molekuler agirhgi 100-2000 dalton

*Suda ¢cozunebilme

*DusuUk oranda proteine baglanma



Hemodiyaliz

*‘Bu yontem temel olarak difuzyon teknigine dayanir.

*Diyaliz etkinligi ile s6z konusu ilacin molekuler boyutu ters orantilidir.

*Hemodiyaliz sirasinda kan hollow-fiber denen yari gecirgen bir membrandan gecer.
*‘Membranin diger tarafinda diyalizat bulunur.

*Etkili bir diyaliz icin membran buyuklugu de etkili bir faktordar.

*Cogunlukla 1,5-1,6 m2 membranlar kullanilir.

*Molekuler agirhk membrandan gegisi etkileyen bir diger onemli faktordar.

*YUksek oranda proteinlere baglanan veya lipidde ¢ozinenlerde uzaklastirilamazlar.



Hemodiyaliz

*Etkin diyaliz icin dakikada 300 ml' nin Uzerinde kan akimi saglanmalidir.
*Diyaliz sirasinda pihtilagmanin engellenmesi i¢in anti-koagulasyon yapilmalidir.

*En sik gorulen komplikasyon olan hipotansiyondur.



Hemodiyaliz

*Genel olarak 4-8 saatlik bir diyaliz seansi yeterli olabilir.
*Asetat yerine bikarbonat diyalizi onerilmektedir.

*Hipokalemisi olan olgularin K agisindan desteklenmesi onemlidir.



Hemoperfuzyon

*Dusuk dagilim hacmi (<1L/kQ)

*Tek kompartmanda bulunma

*Dusuk endojen klerens (<4ml/dak/kg)
*Aktif kdmurle adsorpsiyon

*Proteinlere baglanmadan etkilenmez



Hemoperfuzyon

*Kan; aktif komurle kapli yari-gecirgen bir membrandan olusan kartus igcinden gegirilir.
*Aktif komuran hidrofobik ozelliklerinden dolayi toksinlerin adsorpsiyonu gergeklesir.

*Yagda ¢ozunen maddelerin atilimini arttirmak igin non-iyonik regineler gelistirilmigtir.



Hemoperfuzyon

*Aktif komur cok ince bir membran ile kaplidir.

*Bu membran kan ile sorbentin direkt temasini engeller.

*Kartuslar kullanilmaya baslandiktan 2 saat sonra degistirilmelidir.
*Hemodiyalizde oldugu gibi heparin ile antikoagulasyon yapiimaldir.
*Islem 4-6 saat siire ile dakikada 250-400 ml kan akim hizi ile yapiimalidir.
*Ksenobiyotiklerin plazma proteinlerine baglanmalari sorun olusturmaz.

*Sistemik kanama sagkalimi etkileyen en ciddi yan etkidir.



Hemodiyaliz mi? Hemoperfuzyon mu?
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Extracorporeal removal techniques such as hemodialysis,
charcoal hemoperfusion, and peritoneal dialysis have been
used to remove toxins from the body. To define trends in the
use of these techniques for toxin removal, we analyzed the
19,351 cases requiring extracorporeal removal reported to
U.S. poison centers from 1985-2005. The number of such



Hemodiyaliz mi? Hemoperfuzyon mu?

*Hemodiyalizin artan etkinligi

*YUksek oranda diyaliz yapabilen sentetik membranlarin kullanimi

*YUksek akimli diyaliz makine teknolojisinin geligimi

*Yuksek molekul agirlikli kseonobitotiklerin de hemodiyaliz sonucu temizlenmesi
*Kartuslarin pahali olmasi ve sik degistiriimesi gerekliligi

*Bilgisayarli ve bikarbonat tabanli hemodiyalizlerin gelismesi

hemodiyalize yonelimi arttirmistir



Cases/million calls

Hemodiyaliz mi? Hemoperfuzyon mu?
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Table 2| The most common toxins responsible for cases reciving hemodialysis (total number

1985-1990 1991-1995 1996-2000 2001-2005

Lithium (397) Lithium {714) Lithium {1178) Lithium {2583)
Ethylene glycol (290) Ethylene glycol (649) Ethylene ghycol (1138) Fthylene giycol (2077)
Methanol (236) Salicylates {358) Salicylates (580) Salicylates (1490)
Salicylates {233) Aminophyline (284) Methanol (289) Valproic acid {516)
Aminophylline {229) Methanol {240) Aminophyline (240) Acetaminophen (474)
Phenothiazine {73) Acetaminophen {139) Acetaminophen {192) Methanal {463)
Ethanol {73) Ethanol (84) Valproic acid {170) Fthanol {297)
Acetaminophen (71) Phenothiazine {65} Ethanol {111) Benzodiazepine (281)
soprapanol (49 sopropanol (39) Other {90) Other {274)




Table 3| The most common toxins responsible for cases receiving hemoperfusion {total number

1985-1990 1991-1995 1996-2000 2001-2005
Aminophylline {167) Aminophyliine {162) Aminophylline (58) Carbamazepine {38)
Acetaminophen (25) Barbiturate (24) Carbamazepine {16) Lithium (30)
Barbiturate® {23) Acetaminophen {12) Benzodiazepine (14) Ethylene glycol (22)
Carbamazepine {15) Carbamazepine {11) Valproic acid {13) Acetaminophen {19)
Without opioid® {11) Salicylates {8) Other (12) Valproic acid {17)
Mushroom (11) Mushroom {6) Ethylene glycol (9) SSRI(17)
Salicylates (10) Unknown® {5) SSRI{9) Phenothiazine (15)
Unknown® {9) Amitriptyline (5] Barbiturate® (8) Ethanol (12)
Food poisoningd 8) Valproic acid (4) Lithium {7) Biguanide (11)
Desipramine (8] Doxepin (4] Methanal {7) Other {10)
Amitriptyline (8] Barhiturate® (4) Salicylates (10)
Antiarrhythmicf (8 ff-\ntiarrhythmicf 4 Carisoprodol (10}
Bee/wasp/horet (4]

Gastrointestinal irritant {4)




Hemofiltrasyon

*Dusuk dagilim hacmi (<1L/kQ)
*Tek kompartmanda bulunma
*Dusuk endojen klerensi (<4ml/dak/kg)

*Kullanilan filtreye bagli olarak molekuler agirligi <10.000-40.000



Hemofiltrasyon

*Hemodiyalizden farkli degildir.

*Solut ve sivi (ultrafiltrat) yari-gecirgen bir membran araciligi ile kandan uzaklastirilir.
*Ancak, bu iglem konveksiyon ilkesine dayanir.

*Yari gegirgen membrana basing uygulanir.

*Basinc farki ile sivi ve beraberinde daha buyuk solutler ayni hizda gecis gosterir.
*Bu iglemde yari-gecirgen membranin diger tarafinda diyaliz sivisi yoktur.

*Islem aninda fazla sivi kaybi olabileceginden, uygun sivi replasmani yapiimalidir.
*Molekuler agirligi <10.000-40.000 dalton olanlar organizmadan uzaklastirilabilir.
*Ancak bir cok ksenobiyotigin molekuler agirligi <1000 daltondur.

*Bu nedenle hemofiltrasyonun hemodiyalize bir Ustunlugu oldugu pek sdylenemez



Hemodiafiltrasyon

*Bu yontemde de yari-gecirgen membran kullanilarak solt ve sivi uzaklastirilir.
*Ancak buradaki ilke ayni zamanda hemodiyaliz ve hemofiltrasyonun uygulanmasidir.
*Bu yontem hemodiyaliz ve hemofiltrasyondan daha etkilidir.

*Ciddi heparinizasyon gerektirir.

* Maliyeti ve is gucu ihtiyaci fazladir.



Periton Diyalizi

*Suda ¢ozunen
*Dusuk molekuler agirlig olan
*Proteinlere dusuk oranda baglanan

*VUcutta daglim hacmi dusuk olan
ksenobiyotiklerin uzaklastiriimasinda ise yarayabilir.



Periton Diyalizi
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Figure 3 | Normalized number of cases receiving peritoneal

dialysis. Peritoneal dialysis was no longer recorded in TESS after
1992.



Surekli Renal Replasman Tedavileri

Burada kullanilan yontemiler;
*Surekli arteriyo-ven6z hemodiyaliz (CAVHD)
*Surekli veno-vendz hemodiyaliz (CVVHD)
*Surekli arteriyo-ven6z hemofiltrasyon (CAVH)
*Surekli veno-venoz hemofiltrasyon (CVVH)
*Surekli arteriovendz hemodiyafiltrasyon (CAVHDF)

*Surekli veno-venoz hemodiyafiltrasyon (CVVHDF)



Surekli Renal Replasman Tedavisi Endikasyonlari

*Kritik hastalarin ARY, oliguri, anuri ve azotemi

*Uremik ensefalopati, iremik perikardit

*Diuretiklere direncli asiri sivi yuklenmesi

*Odem ile birliktelik gosteren agir kalp yetersizligi

*ARDS

*Sepsis, septik sok ve ¢coklu organ yetersizligi

*MA 35000 d'dan daha ki¢uk maddeler ile meydana gelen zehirlenmeler
(Lityum, salisilik asit, etil alkol, metanol zehirlenmeleri vs.)

*Serebral 6dem, pulmoner 6dem

*Hiperkalemi (K>6.5 mEq/It)

Ciddi asidemi (pH<7.1),

*Hipertermi (>39,50C)

*Ciddi disnatremi (Na<115 veya >160 mEq/It)



Surekli Renal Replasman Tedavileri

*Esas kullanim amaci hemodinamisi iyi olmayan bobrek yetersizligi olan olgularda
hipotansiyona yol agmadan dusuk etkinlikli ancak uzun sureli diyaliz yapmaktir.

*Bu tekniklerle Ure veya ksenobiyotiklerin klerensi hemodiyalize oranla daha dusuktur.



Surekli Renal Replasman Tedavileri

*Rebound fenomenini engelleyebilecegi ileri strtlmustur.
*Parakuat gibi dokuya bagl olan toksinlerin uzaklastiriimasinda etkili oldugu ileri stralmusgtur.
*Dusuk etkinlikli olmasi nedeni ile uzaklastirilan ksenobiyotik miktari dusutktur.

*Daha uzun sureli yapiimalhdir (20-24 saat).



Plazmaferez

*Diyalizle klirensi saglanamayacak kadar buyuk molekullG agirlikh olan
*Endojen klerensi olmayan

*Molekuler agirhgi >150.000 dalton olan

*Proteinlere baglanma orani yuksek (%80) olan

*Dagilim hacmi dusuk (0.21/kg) olan

ksenobiyotiklerin uzaklastiriimasinda kullanilabilir.



Plazmaferez

Etkin oldugu zehirlenmeler:
*Amanita toksini
*Tiroksin
*Vinkristin
*Digoksin-antikor kompleksi
*Amitriptilin, maprotilin
*Verapamil
*Diltiazem
*Karbamazepin
*Yilan isiriklari
*Proteine baglanan agir metaller
*Organofosfat zehirlenmeleri
*Teofilin
*Kafein
*Amlodipin (amlodipin; yayinlanmamis olgu sunumu)



Kan Degigimi
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Karaciger Destek Tedavisi

*Albumine yuksek oranda baglanan toksinlerin eliminasyonunda
*Fulminan karaciger yetmezliginin gelistigi zehirlenmelerde
*Hepatik ensefalopatinin gelistigi zehirlenmelerde

*Hepatorenal sendromun gelistigi zehirlenmelerde



Karaciger Destek Tedavisi

Table 1 Liver support systems

Nonkiological Biological Hylkrid

MARS [11] ELAD [15] Hepat-Assist [18]
SPAD [12] BLSS [18] TECA-HALSS [20]
FPSA [13] RFB [17] MELS [21]
SEPET [14] AMC-BAL [18]

AMC-BAL, AMC-Bioartificial Liver; BLSS, Bioartificial Liver Support
System; MARS, molecular adsorkent recirculating system; MELS,
Modular Extracorporeal Liver Support; RFB, Radial Flow Bioreactor;
TECA-HALSS, TECA-Hybrid Artificial Liver Support System.



Karaciger Destek Tedavisi (MARS)

Figure 2 Molecular adsorbent recirculating system
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MARS: molecular adsorbent recirculating system s a form of extracorporeal aloumin dialysis (ECAD). The patient's blood is dialysed aganst a dialysate
which contans albumin at & concentration of 20%. The MARSHux membrane allows molecules up to 50kDa to pass to the dialysate. Dialysate
undergoes standard dialysis and passes over charcoal and anion resin to reactivate albumin-binding receptors [111.




Karaciger Destek Tedavisi (MARS)
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Karaciger Destek Tedavisi (FPSA)

Figure 4 Prometheus
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Prometheus: fractional plasma separation adsorption and dialysis. It
involves filtration of plasma and albumin through a membrane (Allbuflow) |
which allows molecules up to 250 kDa to filter through. The filtrate s then
passed over neutral resin and anion exchange resin, before it returns
ack to the BElood circuit. The klood is then dialysed in standard fashion

before it returns back to the patient [13].




Karaciger Destek Tedavisi (FPSA)

EXTRACORPOREAL LIVER SUPPORT BY FERACTIONATED PLASMA
SEPARATION AND ADSORPTION (PROMETHEUS®) IN PATIENTS
WITH ACUTE-ON-CHRONIC LIVER FAILURE (HELIOS STUDY ): A
PROSPECTIVE RANDOMIZED CONTROLLED MULTICENTER STUDY
K. Rifai!, A. Kribben?, G. Gerken?, S. Haag®, S. Herget-Rosenthal?,
U. Treichel®, C. Betz®, C. Sarrazin-, H. Van Vlierberghe®, E. Hoste®,
A. Escorsell”, P. Ginés’, C. Hafer®, M. Schuchmann®, P.R. Galle®,
M. Bernardi'®, P. Caraceni?’, D. Abeles!!, F. Berr!?, M. Knotek!Z,

J. Kozik-Jaromin!, for the HELIOS Study Group. Department of

Conclusions: Extracorporeal liver support therapy by FPSA
(Prometheus®) was not associated with an improved survival in all
patients with AOC compared to standard medical therapy alone.
However, a survival advantage was observed In patients with
hepatorenal syndrome type I or severe AOC with MELD score >30.



Karaciger Destek Tedavisi (FPSA)
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Figure 1. Hepatic enzyme levels of the patient from
pre-dialysis period till discharge.



Karaciger Destek Tedavisi (SPAD)

Figure 3 Single pass albumin dialysis
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SPAD: single pass albumin dialysis 1s a form of extracorporeal albumin
dialysis (ECAD). it involves adding albumin to standard dialysis solution,
achieving an albumin concentration of 4—-5%. The membrane used s a
high-flux dialysis membrane which allows molecules up to 30kDa to

pass through [54].




Karaciger Destek Tedavisi (SEPET)

Figure 5 Selective plasma filtration therapy
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SEPET: selective plasma filtration therapy. It involves using a dialysis filter that filtrates plasma and molecules up to 100kDa. The filtered plasma is
discarded and replaced by electrolytes, fresh frozen plasma and albumin [80].




Karaciger Destek Tedavisi

Acute-on-chronic liver failure: extracorporeal liver assist devices
Tarek |. Hassanein®, Robert R. Schade” and Iryna S. Hepbum®

Curr Opin Crit Care 17:185-203

© 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins
1070-5295

Summary

Liver support systems are safe and well tolerated when used in management of patients
with ACLF. Their use should continue in controlled clinical trials to explore their role in
bridging patients to liver transplantation or recovery in well defined patient groups.
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ABSTRACT

Organophosphorus {OP) pesticide self-poisoning is a major clinical problem in rural Asia and it results in
the death of 200,000 people every year. At present, it is lack of effective methods to treat severe organoc-
phosphate poisoning. The high mortality rate lies on the amount of toxic absorption. Intravenous lipid
emulsions can be used as an antidote in fat-soluble drug poisoning. The detoxification mechanism of
intravenous lipid emulsions is “lipid sink”, which lipid emulsions can dissolve the fat-soluble drugs
and separate poison away from the sites of toxicity. Most of organophosphorus pesticides are highly
fat-soluble. So, intravenous lipid emulsions have the potentially clinical applications in treatment of
OP poisoning. Extracorporeal blood purification especially charcoal hemoperfusion is an efficient way
to eliminate the poison contents from the blood. We hypothesize that the combination of intravenous
lipid emulsions and charcoal hemoperfusion can be used to cure severe organophosphate poisoning. This
novel protocol of therapy comprises two steps: one is obtained intravenous access to infuse lipid emul-
sions as soon as possible; another is that charcoal hemoperfusion will be used te clear the OP substances
before the distribution of OP compounds in tissue is not complete. The advantages of this strategy lie in
three points. Firstly, it will alleviate the toxic effect of QP pesticide in the patients by isolation and
removal the toxic contents. Secondly, the dosage of antidotes can be reduced and its side-effects will
be eased. Thirdly, a large bolus of fatty acids provide energy substrate for the patients who are nil by
mouth. We consider that it would become a feasible, safe and efficient detoxification intervention in
the alleviation of severe organophosphate poisoning, which would also improve the outcome of the
patients.

@ 2009 Elsevier Ltd. All rights reserved.
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