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ECMO
(Ekstrakorporeal membran oksijenasyonu)

e Konvansiyonel tedaviye yanit vermeyen akut geri donduirulebilir
kardiyopulmoner yetmezligi olan hastalarin tedavisinde gecici yasam
destek sistemlerinden biri

* Solunum ya da dolasim sistemini gtinlerce haftalarca destekler

* |lk olarak 1970'lerde-----= 1990’lardan sonra yaygin

 Secilmis hastalarda daha uzun sagkalim



* Oksijenator

* Isitic
* Bir pompadan olusur

*Blyilk bir damardan kanulasyon
aracihigi ile kant ECMO devresine
alip

*Oksijenizasyonunu saglayip

*Yine buyuk bir damar yolu
aracihigi ile tekrar hastaya veriyor




Extracorporeal Life Support Organization (ELSO)

World’s Largest Registry of ECMO Runs and ECLS Centers
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ttlett, MD, who is credited with developing extracorporeal membrane oxygenation (ECMO) in the 1960s and ’70s.
D and continues to direct the Extracorporeal Life Support (ECLS) Laboratory at the University of Michigan.
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ECMO Tipleri
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VA-ECMO

Solunum ve dolasim destegi

FBROMO  In both modalities, blood is drained from the venous system (bl
), itis returned to the venous system. The direction of blood flow VV_ E C M 0

Sadece solunum destegi

Chang CH et al. Circulation. 2016;133:2423-2433.



KULLANIM ALANLARI ve ETKINLIGI




ECMO ENDIKASYONLARI

VA ECMO i¢in endikasyonlar VV ECMO i¢in endikasyonlar

Genel Endikasyonlar Genel Endikasyonlar

e Kardiyojenik sok iddetli viral / bakteriyel pnémoni

e Kardiyak cerrahi sonrasi kardiyopulmoner baypastan ayrilamama

» Kalp ve kalp/akciger transplantasyonu sonrasi gelisen erken greft yetmezligi * Aspirasyon sendromlari

iddetli kardiyak depresyon ile birlikte sepsis tablosu e Akciger transplantasyonundan sonra gelisen erken greft yetmezligi

e ila¢c doz asimi/toksisitesi ile birlikte siddetli kardiyak depresyon tablosu

e Miyokardit

* Geleneksel yontemlere yanitsiz kardiyak arrest

Kardiyak Endikasyonlar Diger Endikasyonlar

e Kronik kardiyomiyopati e Astim atagi

e Pulmoner emboli e Hava yolu tikanikhg

e Kardiyak travma e Duman inhalasyonu

e Akut anafilaksi e Alveolar proteinozis

e Yiksek riskli perkitan kardiyak girisimlere siireg destegi e Pulmoner kanama/masif hemoptizi

Ekstrakorporeal Membran Oksijenasyon Sistemi ve Kullanim Alanlari. Turkiye Klinikleri J Nurs Sci 2016;8(2):153-61



Viral/Bakteriyel Pnomonilere Bagh ECMO

SARS 2003 H1N1 2009 MERS 2012 COVID-19 2019
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. As of May 19 2020
i
8,096 774 (9.6%) 60,800 7~ T 3(0.03%) 2,5 866 (34.5%) >4,700 *== S7An 290 (6.6%)
- Sagkalim %45-85 - - Sagkalim %31-61 - - Sagkalim %53

e ECMO kurtarma tedavisi...

Cogunlugu pnomoni * SARS-CoV (cok az veri)
ve ARDS nedeniyle  MERS (az veri)
* HIN1 (VV-ECMO’yu destekleyen daha cok veri)
lahahrant N, et al. A Intonsve Care, 2018,8(1)3 * COVID-19 - ARDS sik, ¢ok daha fazla veri

Cho et al. Critical Care (2020) 24:301



Conventional Ventilation or
ECMO for
Severe

Adult
Respiratory Failure

Cok merkezli RKC - CESAR CALISMASI (ingiltere)

Murray score

Eriskinde agir ARDS’de konvansiyonel ventilasyon ile ECMO karsilastirilmasi = average score of all 4 parameters
[ Parameter / Score 0 » 1 [ 2 I 3 [ 4
‘ PaO2/FlO2 =>300mmHg 225-299 175-224 100-174 <100
Hasta Sec¢imi: Prar wes | a0 | mw | s | <
/18_65 yas ?CXR normal . 1 point per quadrant infiltrated
. . . . cu. | PEEP <5 | 68 9- 214 | >15 |
v'Siddetli ancak potansiyel olarak reversible solunum yetmezligi | W |l] = =
| Compliance >80 60-79 40-59 20-39 <19
(Murray skoru >3.0 veya pH <7.20) | i$koniiec)

Peek, et al. Lancet 2009 Oct 17;374(9698):1351-63.



ARDS hastalarinda ECMO’nun etkinligi
CESAR Calismasi

ECMO group Conventional
(n=90)* management
group (n=90)

Hospital of trial entryt
Conventional treatment centre
Referral hospital

Men

Agef
18-30
31-45
46-65

Primary diagnosisT
Pneumonia
Obstetric ARDS
Other ARDS
Trauma including surgery within 24 h
Other

73 (81%) 75 (83%)
17 (19%) 15 (17%)
51(57%) 53 (59%)
39.9(13-4) 404(13-4)
25 (28%) 23 (26%)
29 (32%) 32 (36%)
36 (40%) 35(39%)

56 (62%) 53 (59%)

0 0

25 (28%) 26 (29%)
5(6%) 7 (8%)
4 (4%)+ 4 (4%)S

766 hasta taranmis, 180 hasta dahil

90 ECMO ve 90 konvansiyonel
yonetim sekilde randomize edilmis

68 hasta ECMO almaya aday olmus

t-!
Hag ECMO’da sekelsiz 6 aylik

sagkalim konvansiyonel
yontemlere gore yliksek

(%63 vs %47)

Peek, et al. Lancet 2009 Oct 17;374(9698):1351-63.



COVID-19 ve ECMO

* ECMO endikasyonu sik
* ARDS (>%90 neden) (VV-ECMO)
* Miyokardiyal hasar (VA-ECMO)
v’ Miyokardit
v'Masif pulmoner emboli
v'Stres kardiyomiyopatisi @
v Aritmiler

v
Akut koroner sendrom Maksimum fayda gorecek

uygun aday hastalarin secimi



ELSO COVID-19 Rehberi

ASAIO Journal 2021 EZS$ / Guidelines

Extracorporeal Membrane Oxygenation for COVID-19:
Updated 2021 Guidelines from the Extracorporeal
Life Support Organization

JENELLE BADULAKYY, ¥+ M. VELIA ANTONINI®Y, $§ CHRISTINE M. STFAD, § LARA SHEKERDEMIAN'Y, || LAKSHMI RAMAN, #

e Konvansiyonel secme kriterleri COVID-19’|lu hastalarda da uygulanir
* Ancak kontraendikasyonlar daha kati uygulanmal

* Oncesinde ARDS’nin konvansiyonel tedavileri (6r. prone pozisyon)
uygulanmali

Badulak J, ASAIO J. 2021 May 1;67(5):485-495.



COVID-19’da ECMO Etkinligi

e Sagkalim diger VV-ECMO endikasyonu olan akut solunum yetmezligi
sonuclari ile benzer, ancak COVID-19'da mortalite artis ile ilgili
sinyaller var

* VA-ECMO -> COVID-19 gecmis verilerle benzer sagkalima sahip olup
olmadigl net bilinmiyor? ELSO endikasyonu saglayanda VA-ECMO
oneriyor

ELSO COVID-19 Guideline. Badulak J, ASAIO J. 2021 May 1;67(5):485-495.



Sepsis ve Septik Sok

* Altered hormone release

| 7 e Activation of cholinergic SSC_ 202 1 Re h be ri

efferent signaling

Eriskinlerde sepsise bagli ARDS’de

¢ ARDS
¢ Endothelial leakage

» Cardiomyopathy yeterli altyapiva sahip deneyimli

* Vasodilatation

e Liver dysfunction
e Hypoalbuminemia
* Impaired detoxification

merkezlerde geleneksel mekanik

¢ Lymphocyte apoptosis

ventilasyon basarisiz oldugun

* Acute kidney injury

durumlarda

* Release of eicosanoids

* Emergency hematopoiesis

g ’ W \ \
- ( 4
A ' J \ = 3
* Thrombocytopenia ) Gy B 4\
- el * Enterocyte apoptosis

(2092 s 0y =4 7y ¢ Intestine injury
{ ] * Translocation of bacteria and toxins

\ | VV- ECMO Onerilir

© EMBO

Evans L, et al. SSC Guideline. Intensive Care Med. 2021 Nov;47(11):1181-1247.



Septik Sokta VA-ECMO’nun Etkinligi

* Altered hormone release

« Activation of cholinergic ‘Se pti k kard iyo m iyO pati’
efferent signalin . e as e ..
— (geri donlistimli)

* ARDS

* Endothelial leakage x +
¢ Cardiomyopathy
Arteriyel hipotansiyon

e Liver dysfunction
e Hypoalbuminemia
* Impaired detoxification

+ Lymphocyte apoptasis (Arteriolar vazodilatasyon,

kapiller yataga sizinti)

* Acute kidney injury

* Release of eicosanoids

* Emergency hematopoiesis

2 ‘:". ('J"{“/ “
P35 . { };_—
' N
% Thrombocytopenia Ji ; < = $ . /AN
(A il ) * Enterocyte apoptosis

O > e Intestine injury
N ) * Translocation of bacteria and toxins

Dolasim
_bozuklugu

© EMBO

Kardiyopulmoner resisitasyon gerekli ise
ECMO uygulamasindan kaginmak gerekir



Septik Sokta VA-ECMO’nun Etkinligi

* Eriskin hastalarda konvansiyonel tedaviye cevap vermeyen septik sok
hastalarinda VA-ECMO tedavisi sonuclari hala celiskili

* Cocuk hastalarda VA-ECMO kullanimi ile %50-75 survival oranlari
mevcut ve son kilavuzlarda septik sokun tedavi onerileri arasinda

e SSC-2021 kilavuzunda VA-ECMO o6nerisine dair yorum yok

Bréchot N, Lancet. 2020 Aug 22;396(10250):545-552.



Sepsis lliskili Kardiyojenik Sokta VA-ECMO

1-00 — Unadjusted survival (no ECMO)

* ECMO alan ve almayan septik sok H T

—— Adjusted survival (ECMO)

0754 |

* VA-ECMO grubunda

1 0504 |

* Daha ciddi okardiyal disfonksiyon »
[ . Adjusted HR 0-24 (95% Cl 0-10-0-58)
e Daha ciddi hf nodinamik bozukluk S IS o — b

* Daha yuksek SOFA skoru o N

Probability of survival

* Ozellikle miyokardiyal depresyonu olan ve yanit vermeyen secilmis

hastalarda ve oldukca deneyimli bir merkezde VA-ECMO dustnulebilir.

Bréchot N, Lancet. 2020 Aug 22;396(10250):545-552.




ECMO ZAMANLAMASI




ECMO Zamanlamasi

* Cok arastirilan bir konu

Erken ECMQ'da

* ECMO endikasyonuna gore degisir artmis sagkalim
 Kardiyojenik sok—> Saatler icinde
* ARDS - Glnler icinde

Zhang Z, et al.Can Respir J. 2017;2017:1783857.



ARDS’de ECMO Zamanlamasi

MV . = ELSO 2017 ve 2020 TUSAD ECMO
‘parametreler: rehberi

* Pre-ECMO MV suresi > 7 gun ise K.E
olarak kabul ediyor.

1.2 Venovendz Ekstrakorporeal Membran Oksijenasyonunun Kontrendikasyonlari

Her hastanin kar ve zarar agisindan bireysel olarak degerlendirilmesi gerektiginden,
ECMO destegi icin kesin kontrendikasyon yoktur. Bununla birlikte, ECMQ’ya ragmen kot
bir sonugla iliskili olan ve géreceli kontrendikasyon olarak kabul edilebilecek durumlar
vardir:

1. _7gun veya daha uzun sire yliksek mekanik ventilasyon ihtiyaci (FiO, > 0.9, P
plato > 30 cm H,0). Birgok merkez ventilasyon siresinin bir kontrendikasyon
olmadigini disinmektedir.

2.  Major farmakolojik imminosupresyon (mutlak notrofil sayisi <400 / mm?)
Zhang Z, et al.Can Respir J. 2017;2017:1783857.



COVID-19
ECMO Uygulamasi

ARDS nedenini tdv et ELSO kilavuzu
Akciger koruyucu ventilasyon - Uzamis MV siiresi (> 10 gin) varligin
i ! 1 potansiyel ECMO K.E
Pa02/FiO2 orani
Pa0,:Fi0, <150 mm Hg » =150 mm Hg
v PH v
Strongly recommended Pa0O2 basinci 25 with PaC0, 260 mm Hg
= Prone positioning (unless ¢ 7 ?
Recommend i
= Neuromuscular blockade No (N6 eniinte
» High PEEP strategy iEcinent
Consider management
» Inhaled pulmonary vasodilators
« Recruitment manoeuvres
¢ I
Continue Are any of the following criteria met? o Consider
current NO | . Pa0,:Fi0, <80 mm Hg for >6 h Yes EC M O K' E d egl Ise ES’ adjunctive
management l » Pa0,:Fi0, <50 mm Hg for >3 h therapies§ as
» pH <7-25 with PaCO, =60 mm Hg for >6 h* appropriate
N £
AN

Reco ECMO

Badulak J, ASAIO J. 2021 May 1;67(5):485-495.




COVID-19
ECMO Zamanlamasi

~ Mechanical ventilation ¥ ECMO

Patients
137 ARDS hastasi, | ————
10°'u ECMO’ya baglanmis 2 | —
3 O
4 ==
5 |
6 g E
MV’de 7 giinden sonra 7 ) I
ECMO baglananlarin 8 N
hepsi olmds : i —
10 P
s 7 10 15 20 25 30 35 40 45 50 55Days

FIGURE 5 Time line of 10 ECMO patients with mechanical ventilation and ECMO durations
Giraud R et al. Timing of VV-ECMO therapy implementation influences prognosis of COVID-19 patients. Physiol Rep. 2021 Feb;9(3):e14715.



Mortalite Risk Faktorleri

Factors associated with hospital mortality in multivariate logistic =~==~~~is= Al semdiabias caaas A s madiseial ahosastadiotiogs hafaus tha
implantation of venovenous extracorporeal membrane oxygenat 116 akut solunum yetmez li §| neden Iy le VV-

t i lection.
stepwise selection ECMO’ya baé|anan hasta

B coefficient
Initial model 58 (%50) bilinen patojenlerle gelisen pnémoni
Hospital day > 5 0.49 0.40 1.63 0.52-5.07
Mechanical ventilation day > 4 1.19 0.05 3.15 0.97-10.25
Bacterial pneumonia 0.03 0.86 1.03 0.74-1.44
Immunocompromised status 0.92 0.08 2.52 0.90-7.07
Hematocrit < 33% 0.23 0.63 1.26 0.50-3.22
SOFA score > 9 1.08 0.01 2.95 1.25-6.96
Intercept —1.78 < 0.001 0.17
=
oS
MVgunu>4 1.55 < 0.001 471 1.98-11.23
Immunkompromizasyon 1.07 0.04 2.91 1.07-7.89
SOFA score > 9 1.15 0.01 3.16 1.36-7.36
Intercepe —1.62 < 0.001 0.20

Immunocompromised status includes hematologic malignancy, solid tumor, solid organ transplantation, liver cirrhosis Child B or C, or autoimmune diseases requiring long-term immunosuppressive therapy.
Predicted mortality ()=€"/ (1 + €Y. X=-1.62+1.55 x (MV day before W-ECMO > 4)+1.07 x (immunocompromised status) + 1.15 x (SOFA score before W-ECMO > 9).
Cl=confidence interval, SOFA=sequential organ failure assessment, W-ECMO = venovenous extracorporeal membrane oxygenation.

Cheng YT, et al. Medicine (Baltimore). 2016 Jul;95(30):e4380



ECMO Mortalite Skoru

(MV guni > 4)x2 + (immunokompromize durum)x1 + (SOFA score > 9)x1

Alinan puanlar 0,1,2,3,4

Predicted and observed hospital mortalities of the RESP Score and the VV-ECMO mortality score in the patient cohort.

Class | Class Il Class lll Class IV Class V Score discriminative power (AUROC, 95% Cl, P)
RESP score >6 3105 —1to?2 -5t -2 < —6
Predicted mortality‘ 8% 24% 43% 67% 82% 0.69, 0.60-0.79, P<0.001
Observed mortality 17% 33% 46% 82% 67%
VW-ECMO mortality score 0 ] 2 3 4
Predicted mortality” 18% 35% 56% 75% 88% 0.76, 0.67-0.85, P<0.001
Observed mortality 21% 37% 41% 82% 92%

Cheng YT, et al. Medicine (Baltimore). 2016 Jul;95(30):e4380



ECMO Zamanlamasi

* Pre-ECMO 6ncesi MV siiresi=> ECMO’da gelisen hastane mortalitesini
gostermede iyi bilinen bir prediktor

* Uzamis MV suresi heniiz net olarak belirlenmemis

* Pre-ECMO suresini 7 gun ve altinda olacak sekilde sinirlanmasi artik
bir konsensus olmustur

Zhang Z, et al.Can Respir J. 2017;2017:1783857.

Cheng YT, et al. Medicine (Baltimore). 2016 Jul;95(30):e4380
Hemmila MR, et al. Ann Surg 2004;240:595-605.

Schmidt M, et al. Am J Respir Crit Care Med 2014; 189:1374-82.
Schmidt M, et al. Intensive Care Med 2013;39:1704-13



3. Antibiyotik Doz Ayarlamasi




Artan Etkilesim: ECMO

| oxygen r— —

E

Microbe

Antimikrobiyallerin FK ¢cok degisken
Terapotik basarisizlik veya toksisite




ECMO’da Antibiyotik Farmakokinetigi
Temel Sorunlar

* Eriskin calismasi cok az

* Yenidogan ve hayvan calismalari mevcut
v Celiskili sonuglar j> Su an ki verilerle bir
v'Eriskin ve YD fizyolojisi cok farkli rehber olugturulamiyor

e Zamanla degisen ECMO teknolojisi

K. Shekar et al. Journal of Critical Care (2012) 27, 741.e9-741.e18



ECMO’da lla¢ Farmakokinetigi

* Dagilim hacmi genisler

. I;I}emod)ilt'jsyon (ekzojen kan gerekliligi, sik kan trans, devre akisi icin kristaloid destegi
ihtiyaci

 ECMO destegine bagli fizyolojik degisiklikler

* ilacin klirensi ve eliminasyonu azalir
 ECMO hastalarinda renal disfonksiyon sik (>%30)
* Hepatotoksisite
* Hipoksi ve organ perfiizyonunun bozulmasi

« ECMO devreleri tarafindan ila¢ sekestrasyonu
* Devre komponent materyaline (silikon membran, polipropilen, PVC vs..)

* ilacin fizikokimyasal 6zellikleri (molekiiler boyut, iyonizasyon derecesi, lipofiliklik,
plazma prot baglanma )



Joumal of Critical Care (2012) 27, 741.e9-741.e18

Journal of
Critical Care
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FLSEVIER
Pharmacokinetic changes in patients receiving

extracorporeal membrane oxygenation™
Kiran Shekar FCICM 2*, John F. Fraser PhD?, Maree T. Smith PhD®, Jason A. Roberts PhD ¢
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Fig. 3  Significant sequestration of drugs in the ECMO circuit increases their volumes of distribution, leading to suboptimal drug children, and adults on ECMO
concentrations in the body. A mere increase in administered dose for all drugs during ECMO may not suffice because the less sequestered

drugs may reach toxic levels. A, PVC tubing. B, Pump head. C, Oxygenator.
K. Snekar et al. Journal ot Lritical Lare (£ZU1Z2) 27/, 7141.e9—/41.e18

Age-dependent impact of ECMO prime volume on native blood volume for neonates,




Table 2 Summary of PK changes during ECMO and their clinical implications

Changes in PK

Therapeutic implication

Drugs affected

Primingtransfusion
Hemodilution

Circuit-related factors
Drug sequestration

Drug inactivation
Patient factors

Systemic
inflammation/sepsis

Organ failures

Drug factors
Hydrophilicity

Lipophilicity

1 vd

J Cmax

T Free drug concentrations

T Vvd

| Cmax

1 CL

| Bioavailability

T Vd
| Cmax
1 CL
LEL
+vd

T Vd

| Cmax

1| CL (dependent on

renal function)

Vd largely unchanged
1 Circuit sequestration
11 CL (dependent on

hepatic function)

1 Loading dose

1 Loading dose
1 Frequency

1 Loading dose

T Frequency regarding dose

with circuit changes

1 Loading dose

| Frequency

1 Loading dose
11 Frequency

1 Loading dose
T Frequency

Hydrophilic drugs, eg, f-lactams
and aminoglycosides

Highly protein-bound drugs,

eg, teicoplanin and ceftriaxone

Lipophilic drugs, eg, fluoroquinolones
fentanyl, and midazolam

Hydrophilic drugs, eg, p-lactams and
glycopeptides

Renally or hepatically excreted drugs

For example, B-lactams aminoglycosides

For example, fluoroquinolones,
macrolides, and propofol

Cmax indicates peak concentrations.

K. Shekar et al. Journal of Critical Care (2012) 27, 741.e9-741.e18



ECMO’da ila¢c Farmakokinetigi

Fig.2 Impact of critical illness, inflammation, and ECMO on drug PK. SIRS indicates systemic inflammatory syndrome; CO, cardiac output.
K. Shekar et al. Journal of Critical Care (2012) 27, 741.e9-741.e18



-, HHS Public Access

.{C Author manuscript

Clin Ther. Author manuscript; available in PMC 2017 July 31.

Published in final edited form as:
Clin Ther. 2016 September ; 38(9): 1976—-1994. do1:10.1016/j.clinthera.2016.07.169.

Pharmacokinetics and Dosing of Anti-Infective Drugs in Patients
on Extracorporeal Membrane Oxygenation: A Review of the
Current Literature

* Derleme

* 1965-2016 arasi literatur taranmis

 ECMO farmakokinetik calismalari

* Yas gruplarina ayrilmis (0-28 glin, 29 giin-2 yas, 2-18 yas, > 18 yas)
e « Antibiyotik, antiviral, antitiberkiiloz ve antifungal=> FK COK DEGISKEN

« ECMOQ’da antibiyotik konsantantrasyonlari degisken ancak standart semalar da yeterli

olabilir.
-1994



Vankomisin

* ECMO’da en sik etkenlerden S.aureus’un yonetimi icin 6nemli

* Eriskin calisma sonuclarina gore;
 ECMO alan almayan hastalarda benzer FK 6zellik, ancak hedef konsantrasyona
ulasma streleri uzun

3 gunluk konvansiyonel doza ragmen hastalarin %95’inde vankomisin dizeyi
subterapotik

ECMO’da standart doz verilir, ancak 30 mg/kg yilikleme dozu ile baslanmall
Zamanla ECMO devrelerinin doymasi nedeniyle supra-terapotik doz o.b
Inflizyondan 2 ve 8-12 saat sonra ek doz gerekliligi icin TDM

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994
Cheng et al. J Thorac Dis 2018;10(Suppl 5):S629-S641



Aminoglikozidler ve Kinolonlar

* Aminoglikozidler=>
v'Eriskin ECMO calismasi yok, YD calismalari (gentamisin) mevcut
v'Dagilim hacmi artar, klirens azalir, y.6 uzar

v'ECMO’da aminoglikozid alan hastalarda TDM (inflizyondan 2 ve 8-12
saat sonra ) yapilmali,

v'Gerektiginde doz araliklarinin uzatilmasi 6nerilir

e Kinolonlar=>
v'ECMO devreleri ile sekestrasyon az, ihmal edilebilir,
v'Yinede AUC/Cmax ile takip edilmel

K. Shekar et al. Journal of Critical Care (2012) 27, 741.e9-741.e18
Cheng et al. J Thorac Dis 2018;10(Suppl 5):5S629-S641



Betalaktamlar

 Betalaktamlar—>

* Hidrofillik, degisen proteine baglanma d6zellikleri

e Gruplar arasi farkliliklar

* Veriler celiskili?

* Betalaktamlarin FK 6zelligini onemli dl¢lide degistirmedigi
gosterilmis

* ECMO almayan kritik hastalarda 6nerilen dozlama stratejileri
uygulanabilir

* TDM (fT>MIC) Onerilir

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994
Cheng et al. J Thorac Dis 2018;10(Suppl 5):S629-S641



Betalaktamlar

* Meropenem=->
e ECMOQO’da Vd artmis, CL azalmis olsa da meropenemde onemli FK
degisimi yok
 Standart doz (3x1 gr) yeterli stire MIC >2 mg/L lzerinde kalmayi
sagliyor
* Daha direncli m.o.larda (P. aeruginosa) MIC> 8 mg/L icin yliksek
doz (3x2 gr) kullaniminin gerekli

 Imipenem->
* Vadi konsantrasyonu cok degisken

e Daha direncli m.o.larda (P. aeruginosa) enfekte kritik hastalarda
daha yuksek ile daha iyi yanit elde edilir

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994
Cheng et al. J Thorac Dis 2018;10(Suppl 5):5629-S641



Betalaktamlar

* Piperasilin-tazobaktam—->
* ECMO ve non-ECMO benzer sonuclar
* 4x4.5 grile P. aeruginosa icin sadece %40 hasta hedef etkinlige
ulasabildi
* MIC >2 mg/L lizerinde ancak siirenin %50’sinde kalabilmis
* Meropenem daha iyi bir secenek

 Sefotaksim—> Eriskin ECMO calismasi yok
* Seftriakson =2 >%85 proteine baglanir, sekestrasyon daha fazla,TDM

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994
Cheng et al. J Thorac Dis 2018;10(Suppl 5):S629-S641



Linezolid ve Antituberkuiloz Tedavi

Linezolid—>

* MIC> 1 mg/L olan daha direncli m.o.larda 2x600 mg’dan daha yliksek
dozlar gerekli

Antitiiberkiiloz ilaglar->
* Olgu raporlari var
* Bir olguda TDM yapilmis

* Etkin konsantrasyonu saglayabilmek icin
v'Rifampisin 1200 mg (23 mg/kg vs 10 mg/kg)
v'Pirazinamid 1500 mg (%50 fazla doz)

v Etambutol 1200 mg (%50 fazla doz)

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994
Cheng et al. J Thorac Dis 2018;10(Suppl 5):S629-S641
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e 2018-2019 yillari arasinda, prospektif, gozlemsel, tek merkezli calisma

e Almanya/Homburg’da, ECMO baglanan(30)/baglanmayan (75) ardisik 105 hasta

* Antibiyotik serum konsantrasyonlari > Hedef konsantrasyona ulasma orani

Kihn et al. Crit Care (2020) 24:664



ECMO ve non-ECMO’da Hedef Antibiyotik Konsantrasyonuna

Ulasamama

60%
50% 48.4%
40%
30%
20%
13.0%
10%
6.1%
. 3.1%
0.0% 0.0%
00% - >
Piperacillin Meropenem standard Meropenem high dose
dose
Fig. 1 Percentage of intensive care unit patients with and without ECMO support who did not reach pre-specified target serum concentrations
(expressed in mg/L) during continuous application of selected antibiotics, southwest Germany, October 2018-December 2019

non-ECMO

34.8%

BRI - Piperasilin,
- standart doz ve ylksek
doz meropenem,

Linezolid - SeftaZidim,
- linezolid (1800 mg)

ECMO hastalarinda hedef

* Piperasilin: ECMO alan %48 vs ECMO almayan %13
* Linezolid: ECMO alan %35 vs ECMO almayan %15

e Seftazidim ve meropenem: Gruplar arasinda fark saptanmadi

; konsatrasyona ulasmayan hasta orani
cok yuksek
e _J}




Table 3

Anti-infective pharmacokinetics and dosing in adults on ECMO. Many of the recommendations are based on a
single case study or case series and must be used acknowledging this limitation.

Drug Volume of Clearance Standard Dosing in critically ill Dosing Recommendations
Distribution compared to atients® ? for patients on ECMO?
compared to non-ECMO AT LAt
non-ECMO patients
patients
Antibiotics
Azithromycin Decreased Unchanged 500 mg q24h or 500 mg x 1 then 250 mg Standard dosing® AZIt romisin 9 Sta n d d rt d 0z yete rl I
q24h
Ethambutol Not reported Not reported Weight 40-55 kg: 800 mg q24h 50% increase over standard
Weight 56-75 kg: 1200 mg q24h dosined i
el Lo Dne gt osing Levofloksasin = Standart doz
Imipenem Not reported Not reported 500-1000 mg q6-8h Standard dosing unless yete rI |
treating resistant organism®
Levofloxacin Not reported Not reported 500-1000 mg q24h Standard dosingd
g L .
Antitbc ilaglari > Doz artirimi
Linezolid Unchanged Not reported 600 mg IV q12h Standard dosing unless
MRSA MIC is >1mg/L!
Meropenem Unchanged Unchanged General: 500 mg q6h or 1 g q8h 1 g q8h for susceptible i 1
Meningitis/Cystic Fibrosis: 2 g q8h organisms (MIC<2) I mi pe ne ml mero pe ne ml LZ D 9
2 g q8h for resistant . . . .t ..
organisms (MIC 2 to 8) direncli m.o icin yiksek doz
Piperacillin/tazobactam Unchanged Unchanged 3.375 g q6h- 4.5 g q6-8h Standard dosing may be
adequate for susceptible
organisms
Pyrazinamide Weight 40-55 kg: 1000 mg q24h 50% increase over standard
Weight 56-75 kg: 1500 mg q24h dosingd
Weight 76-90 kg: 2000 mg q24h
Rifampin Not reported Not reported Tuberculosis treatment: 10 mg/kg q24h 20 mg/kg q24h¢
Tigecycline Unchanged Unchanged 100 mg once then 50 mg q12h Standard dosing®
Vancomycin Unchanged Unchanged 15-20 mg/kg/dose q8—12h Standard dosing

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994



Antifungaller

* Kaspofungin -
* ECMO devrelerinden ciddi sekestrasyonu olmaz
 ECMO sirasinda yeterli serum dulizeyi saglaniyor

* Vorikonazol 2
e Daha lipofilik, ECMO devresinde sekestrasyona ugruyor (%70)
 Vadi seviyelerini korumak icin daha yuksek ila¢ dozlari gerekli
e Zamanla olusan devre doygunlugu olabilir

* |lac toksisitesini dnlemek icin baslangictaki yiiksek doz, daha sonra doz
azaltimi

* Bu dozlamayi yonlendirmek icin vorikonazoliin TDM'si 6nerilir.

K. Shekar et al. Journal of Critical Care (2012) 27, 741.e9-741.e18
Hahn J, et al. J Clin Pharm Ther. 2017 Dec;42(6):661-671.



Anti-fungals
Liposomal Amphotericin B Not reported Not reported 3-5 mg/kg q24h Standard dosingb
Caspofungin Not reported Not reported 70 mg on day 1 then 50 mg q24h Enzyme Definitive dosing
inducers?: 70 mg q24h recommendations cannot be
made
Voriconazole Not reported Not reported 6 mg/kg q12h x 2 doses then 4 mg/kg Definitive dosing
ql2h recommendations cannot be
made
Anti-virals
Oseltamivir Unchanged Unchanged 75 mg or 150 mg enterally BID for severe Standard dosing unless
illness impaired renal function or
enteral absorption
Ganciclovir Not reported Not reported 6 mg/kg q12h Standard dosingj

Oseltamivir, gansiklovir >
Standart doz yeterli

Sherwin J, et al. Clin Ther. 2016 September ; 38(9): 1976-1994
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Cheng et al. Optimising drug dosing for ECMO patients

Table 1 Summary of pharmacokinetic changes and potental dosing adjustments for antimicrobials during ECMO

Drug (ref) N-octanol/water Protein Anticipated/reported Dosing recommendations &
g e partition coefficient binding (%) pharmacokinetic changes comments
Antibiotics
Aminoglycosides <0.0 <30 Minimal circuit drug Insufficient data to recommend
(41-45) sequestration; enlarged Vd; optimal dosing®; TDM-guided
decreased CL dosing
Beta-lactams
Ampicillin (24) 1.35 15-30 Minimal to moderate circuit drug  Consider alternative agents; less
sequestration; enlarged Vd drug loss in blood-primed vs.
crystalloid-primed circuit
Ceftriaxone (26,29) -1.7 95 Significant circuit drug Dosing similar to critically ill
sequestration; enlarged Vd patients not on ECMO support;
TDM-guided dosing
Meropenem (46,47) -0.69 2 Minimal circuit drug Dosing similar to critically ill
sequestration; enlarged Vd; patients not on ECMO support;
circuit drug loss due to stability TDM-guided dosing; consider
issues associated with the alternative dosing strategies (Cl or
carbapenems El dosing)
Piperacillin/tazobactam 0.67 30 Minimal circuit drug loss; Dosing similar to critically ill
(46) enlarged Vd patients not on ECMO support;
TDM-guided dosing; consider
alternative dosing strategies (Cl or
El dosing)
Fluoroquinolones <2.3 20-40 Minimal circuit drug Dosing to optimise AUC,.../MIC"
(26,29) sequestration
Vancomycin (48-51) -3.1 50-60 Minimal circuit drug Dosing similar to critically ill
sequestration; enlarged Vd patients not on ECMO support;
a loading dose 25-30 mg/kg
followed by 30-40 mg/kg/day;
TDM-guided dosing; consider Cl
dosing
Antifungals
Caspofungin (24,52,53) <0.17 97 Minimal to moderate circuit drug  Insufficient and conflicting data;
sequestration dosing adjustments may be
required
Voriconazole (24,52) 1 58 Significant drug sequestration Higher initial loading dose

with higher daily doses; TDM-
guided dosing to monitor circuit
saturation

* due to major refinements in ECMO technology, earlier pharmacokinetic data and dosing recommendations may potentially be irrelevant
to current practice; °, these may be achieved with a 400 mg 8-hourly or 600 mg 12-hourly for ciprofloxacin, ECMO, extracorporeal
membrane oxygenation; MIC, minimum inhibitory concentration; TDM, therapeutic drug monitoring.

Aminoglikozid > TDM
Seftriakson = Standart doz, TDM
Piperasilin-tazobaktam—> TDM

Vankomisin = Yiksek doz
yikleme, ylksek doz devam?

Cheng et al. J Thorac Dis 2018;10(Suppl 5):S629-S641



Ne kalsin aklimizda.....

ﬂCMO akut kardiyopulmoner yetmezlikte imit vadeden bir yasam destek sisteh

Enfeksiyon hastaliklarindaki etkinligi diger endikasyonlar ile benzer
COVID-19'da yaygin kullanim alani bulmustur

Erken ECMO kullanimi artmis sagkalim ile iliskili

ECMO’da ila¢ farmakokinetigi cok degisken, multifaktoriyel

llaclar ile ilgili genel bir dneri yapmak su an icin mumkin degil

Qn guvenli yontem ilag duzeyi takibi
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Tesekkurler....




