GOGUS KALP DAMAR ANESTEZI
VE YOGUN BAKIM DERNEGI

Ol Fergrea

TG
GO

%

=3

ECMO uygulanan COVID 19 olgu-
larinda koagulasyon yonetimi
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COVID 19 ve ECMO

COVID 19°da Koagulasyon

ECMO’da Koagulasyon

ECMO’lu COVID 19 hastasinda koagulasyonun

yonetimi
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Coronavirus Cases:
227,471,677

Deaths:
4,677,080
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Coronaviruslar

Uzun zamandir var olan buayuk bir virus ailesi
Kisin en sik soguk alginligi etkeni
Biyocesitliligi cok olan bir virus

Yeni Coronavirus (2019-nCoV)
2019-NnCOV 31 Arahik 2019'da Cin'in Hubei eyaletinin
Wuhan sehrinde pnémoni vakalar olarak
ortaya cikti ve 7 Ocak 2020'de tanimlandi
Semptomlar - : ‘,f\ - & ,
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Clinical Features of 85 Fatal Cases of COVID-19 from Wuhan
A Retrospective Observational Study

a Yingzhen Du'*, Lei Tu®*, Pingjun Zhu'*, Mi Mu'*, Runsheng Wang', Pengcheng Yang®“, Xi Wang®, Chao Hu®,
Rongyu Ping®, Peng Hu®, Tianzhi Li°, Feng Cao®, Christopher Chang”®**, Qinyong Hu**¥, Yang Jin®¥, and
Guogang Xu®*

Table 5. Complications and Management of Patients with COVID-19
n (%) (n=285)
Complications
Respiratory failure 80 (94.1)
Shock 69 (81.2)
ARDS 63 (74.1)
Arrhythmia 51 (60)
Acute cardiac injury 38 (44.7)
Acute liver injury 30 (35.3)
Sepsis 28 (32.9)
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A Stage1

Patients who are ambulant or
admitted to hospital because
of other reasons

Symptoms
Mild, do not need respiratory support

Inflammatory reaction
Mild

Coagulation markers
D-dimer 2-3 times the ULN
Fibrinogen normal
Prothrombin time normal
Platelet count normal

Thrombotic events

Limited local pulmonary (inflammatory)
microthrombi

Platelet
activation

Sub-endothelial
structures

Patientswho are admitted to
hospital and need increased

oxygen supply

Sepsis associated
coagulopathy

Symptoms
More severe, need respiratory support

Inflammatory reaction
Pronounced

Coagulation markers

D-dimer 3-6 times the ULN

Fibrinogen mildly increased

Prothrombin time mildly increased

Platelet count 100-500 x 10° platelets per L

Thrombotic events

Increased incidence of (inflammatory)
microthrombi and macrothrombi

Systemic
hypercoagulability

Stasis

Endothelial
damage

Pulmonary intravascular
coagulopathy

Pulmonary thrombosis

COVID-19-associated coagulopathy and antithrombotic agents—lessons after 1 year Leentjens, Jenneke et al. The Lancet Haematology, Volume 8, Issue 7, €524 - e533




Critically ill patiens in need of
organ support

COVID-19 associated
thrombotic syndrome

Endothelitis

Catastrophic
microvascular
injury
syndrome

VWF multimers

Increase of FVIII

Symptoms

Critically ill patients who need organ
support—eg, high-flow oxygen therapy or
mechanical ventilatory support, or both

Inflammatory reaction
Gytokine storm

Coagulation markers

D-dimer more than 6 times the ULN

Fibrinogen markedly increased

Prothrombin time markedly increased

Platelet count less than 100 x 10° platelets per L

Thrombotic events
High incidence of microthrombi and
macrothrombi

\ Systemic

hypercoagulability

PEEP

A ~

Sepsis associated
coagulopathy

Endothelial
damage

Pulmonary intravascular
coagulopathy

D Post-discharge

Discharged from hospital

Symptoms
Recovering. Functional limitations are
often still present 3 months after discharge

Inflammatory reaction
Restored

Coagulation markers
Restored

Thrombotic events
Unknown

COVID-19-associated coagulopathy and antithrombotic agents—lessons after 1 year Leentjens, Jenneke et al. The Lancet Haematology, Volume 8, Issue 7, €524 - e533
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globhbal literature surwvwey
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Table 2 Incidence of ARDS, IMY treatment, and outcomes in COWID-19 patients admitted to an CL

Study author, online Location I patients 1L patients who  Mor@alin 12U Mortality Mortality IMY Prewvalence of ARDS
publication dam=™ with ARDS receied 1MW patients ARDS patients patients in Non-sursivors
Crreher M, 1774 Aachen, Germany 24/24 (100) 24,24 (100) 3/24 (13) 324 (13) 3/24 (13) 37 (43)
Yao Q, 24/4 Huanggang, China 1717 (100) 10417 (52) 1217 (71} 12745 (27) 1010 (100) 12512 (100
Hong K, 11/5 Daegu, South Korea 13713 (100) 11513 (85) 4,13 (31) 4518 (22) I 4,5 (80)
XU K102 Zhejiang, China 11 (100 11 (1D o1 (D) o1 (o) o1 (O [ P
Wu C, 13/3 Wuhan, China NA, 653 (11) N 44/84 (52) 646 (100) 44744 (100
Zhou F, 11,3 Wuhan, China LA, ) 3I9VS0 (7E) 50/ 59 (B5) 31/32 (97) S50/54 (93)
Zheng ¥, 104 Chengdu, China 15/32 (47) Il 332 (P 315 (20) LA 3/3 (100
Suleyman G, /6 Detroit, Michigan, 104741 (F4) 1145141 (B1) 57,141 (40) W e 527114 (45) [ P

LI5S,
Huang C, 24/1 Wuhan, China 11/13 (85) 4013 (31) 5413 (38) (TS A AT
Wang O, 772 Wuhan, China 2236 (61) 2136 (58) &35 (17) [, I [l
Yang L 26&'S Yichang, China 21/29 (72) 16429 (55) 14/29 (48) (TS A AT
Chen T, 2643 Wubhan, China LA P P 13196 (58 177 (1000 113113 (100)
Aggarwal 5, 2674 Dres Moines, lowa, LA 5/8 (53) 3/8 (38) (TS A AT

LISA
Imciardi R, 8/5 Brescia, Italy g o Pl s, P s, 17519 (829) P 17,26 (55)
Chen M, 301 Wubhan, China LA P P 11517 (55) [ oY 11511 (100
Cicend F, 12/6 Milan, aly [ I [ I I, 65,245 (27) I G65/82 (7))
Y¥u T, 274 Dongguan, China A, A, A, I, A, A

Total (weighrted avemge)

228/306 (75)

2127335 (63)

145/363 (40)

32T (45)

119203 (59)

322357 (200

Data are presented as n/MNP0)
Abbreviations: ARDS acute respiratory distress syndrome, COMD-19 coronavirus disease 20019, /CU intensive care unit, MY invasive mechanical wentilation, NA not
awvailable: insufficient data for calculation
*For study reference see Table 1




General schema for respiratory support in patients with COVID-19

Low flow nasal cannula
- Typically set at 1-6 liters/minute.
/ High flow nasal cannula N\ [ cear =)
= Thtrate FIOZ based on patient’s « Titrate CPAP up as tolerated (in mors
saturation. If RO2 regquirement severe hypoxem:a might target ~15-
escalating (e.g. over ~809% ) consider 18 cm)

awake pronation or CPAP tniial.
= Consider limiting fMow rate below
~40 L/min to reduce aerosolization,

\_~ NS5 mask & aerosol precautions. =

Viral filter.

NS9SS mask & serosol precautions.
(Helimet interface likely ideal f
available). =

ez

mhmm{mmm—lm-unor
« If tolerated, awake patient may lie in a prone position (ideally for 12-18 hr/day).
* Uimited to cooperative patients. May be useful If access to ventilator is limited.

The optimal strategy for respiratory support in COVID-19 remains unknown. Patients with more complex respiratory
disease (e.g. COPD plus COVID-19) might benefit from BiPAP. Choice of CPAP vs. HFNC may vary depending to
resources and patient preference. COVID appears to cause progressive mk:ro-atelectasas, whu:h resoonds weu to CPAP

.......



ARDS'de ECMO

Acute Respiratory Distress Syndrome
The Berlin Definition

: [ ecwmo ]
S [ inhaledno |
§- | Neuromuscular Blockade
é | Prone Positioning |
5 [ ecor |
£ _
£ | Higher PEEP |
e | T

":E [ Low-Moderate PEEP ]

2 |l Low Tidal Volume Ventilation |

£

300 250 200 150 100 50
Pa0,/FiO,
¥ A5 73 582




[ Critical TCare Howw I Do Lo 1 = C HEST

FTow I Select "W hich Patienmnnts YW ith A RIT OS [P cneck ror uecates ]
Should Be T reated YW ith VvV enovenours
Extracorporeal ™™ Tt bhrane COxveaermation

= C=rofiarre Boerlflferr, TEES S Ricaraaadico T e el —Par=aaadiis,. DY S iy ey, T, SR

Eligibility Criteria:

* Does the patient fulfil oxygenation and/or
ventilation criteria?
* On FiO2 = 80%, PEEP = 10 cmH_O,

Contraindications:

VT = 6mi/kg (PBW) * Has the patient received prolonged injurious
= i ilation?
e PaO2/FiO2 < 50 mmHg for > 3 hours L eehaneal Ve o
e PaO2/FiO2 < 80 mmHg for > 6 hours Al Fl'icatﬂ; n;;
e pH < 7.25, PaCO2 > 60 mmHg with gic comp '
RR 35/min for = 6 H * Unable to obtain adequate vascular

access/cannulation?
* Profound distributive shock with
preserved/hyperdynamic LV function?

* |s the underlying disease reversible?

* Has conventional mechanical ventilation
been optimized?
e Lung protective ventilation . “
* PEEP optimization
* Neuromuscular blockade

* Prone position ventilation CHEST 2':'2[], 153(3} 1036-1045
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Echocardiography:
- Is thaere severe LV dysfunction?

Plannaed configuration:

- Assoss  hamodynamic status

ES

Adlocated Resources:

- s a reforral center avalilable Tor
patient retrievalftransicor? _;.....l [ L] I
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Continue
current
management

No

Treat underlying cause of acute respiratory distress syndrome
Standard lung-protective ventilation strategy
Diuresis or resuscitation as appropriate

v v

Pa0,:Fi0, <150 mm Hg Pa0,:FiO, 2150 mm Hg
Strongly recommended Is pH <7-25 with PaCO, 260 mm Hg
» Prone positioning (unless contraindicated) for>6 h*?
Recommend Conti
« Neuromuscular blockade No [ s

: —P| current
» High PEEP strategy
Consider management
« Inhaled pulmonary vasodilators
* Recruitment manoeuvres

¢ ¢ Yest

Are any of the following criteria met? Contraindication to ECMO?# Consider
« Pa0,:Fi0, <80 mm Hg for >6 h Yes > Yes | adjunctive
* Pa0,:Fi0, <50 mm Hg for>3 h therapies§ as
» pH <7-25 with PaCO, 260 mm Hg for >6 h* appropriate

v No

Recommend ECMOY




Total COVID-19 Cases

Patients who initiated ECMO at
least 90 days ago

COVID-19

Suspected or Confirmed

9203

COVID-19

Confirmed

7605

@
£sfablished 1989 =

COVID-19

Confirmed Cases

9170

COVID-19
In-hospital Mortality

48%
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Extracorporeal membrane oxygenation for severe acute G
respiratory distress syndrome associated with COVID-19:

a retrospective cohort study

Matthieu Schmidt, David Hajage, Guillaume Lebreton, Antoine Monsel, Guillaume Voiriot, David Levy, Elodie Baron, Alexandra Beurton,
Juliette Chommeloux, Paris Meng. Safaa Nemlaghi, Pierre Bay. Pascal Leprince, Alexandre Demoule, Bertrand Guidet, Jean Michel Constantin,
Muriel Fartoukh, Martin Dres, Alain Combes, forthe Groupe de Recherche Clinigue en REanimation et Soins intensifs du Patient en Insuffisance

Respiratoire aiguE (GRC-RESPIRE) Sorbonne Université. and the Paris-Sorbonne ECMO-COVID investigators™

492 patients admitived to the Paris—Sorbonmnme University Hospital Network
IC s for COWID-19 from March & to May 2, 2020

L

L

B3 patients received ECMO for severea
acute respiraborny distress syndrome

409 patients mot incleded

+ +

-

20 died

1 sill om ECMO Z im ICU and A2 alive and out
sereamed off o thee MO
ECMO

& €

14 hospitalised or im

Z4 revurmed haorme

a rehabilitation
cermore

Lancet Respiri ed 2020




Extracorporeal membrane oxygenation support in @-I_k @
COVID-19: an international cohort study of the o
Extracorporeal Life Support Organization registry

Ryan P Barbaro™, Graeme MacLaren™, Philip S Boonstra, Theodore ] lwashyna, Arthur S Slutsky, Eddy Fan, Robert H Bartlett, joseph E Tonna,

Robert Hyslop, |effrev ] Fanning. Peter T Rycus, Steve | Hyer, Marc M Anders, Cara L Agerstrand. Katarzyna Hryniewicz, Rodrigo Diaz,
Roberto Lorussot, Alain Combest, Daniel Brodief, forthe Extracorporeal Life Support Organizationt

B Discharged (home or rehab) B Discharged (LTAC or unspecified) [ Discharged (hospital)
_ . Full cohvort ARDS cohort™
[ Unknown status (censored) [ Hospitalised [ Died {n=1035}) (n=779)
10004 Patient status at study completion
Diischarged alive to home or acute 311 (Z0%) 262 (34%)
o000 rehakidlitation centre
Drischarged alive to long- termm acute 1071 (10%:) 79 (L0%)
Bo0- care centre or unspecified bocation
2 7004 Discharged to another hospital 176 (17%) oF [(12%)
= Remmain in the hospital (discharged 11 {1%) 10 {1%)
2 from IC1)
= b0oo—
E‘ Remain in the ICL 56 (5% 40 (5%)
o 500 In-hospital death 280 37%) 291 37 %)
B oo Tracheostomyt 444 (44%) 353 (47%)
E 4 Select comiplicationst
= 300 Seizune 6 {0-6%) 5 (D7 %)
CMS infanct 7 (D-73%) 5 (07%)
200+ CMS hasmomhage 56 {6%) 44 (63%)
1004 Haemohyrsis AB (5%} 37 (5%)
Membrane lung failure B2 (8%) a3 (9%)
0- Pump failure B (0-8%) G (0-B%)
30 40 50 Circuit change 148 (15%) 94 (13%)
Days from ECMO initiation

Lancet 2020; 396: 1071-78




Extracorporeal membrane oxygenation support in

COVID-19: an international cohort study of the

Extracorporeal Life Support Organization registry

W

Ryan P Barbaro™, Graeme MaclLaren™, Philip 5 Boonstra, Theodore | hwashwna, Arthur 5 Slutsky. Eddy Fan, Robert H Bartlett, Joseph E Tonna,

Robert Huslop, Jeffrey ] Fanning. Peter T Rycus, Steve | Hyer, Marc M Anders, Cara L Agerstrand, Katarzyna Hrvyniewicz, Rodrigo Diaz,

Roberto Lorussot, Alain Combest, Daniel Brodiet, forthe Extracorporeal Life Support Organization®
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Perspective

Extracorporeal membrane oxygenation (ECMO): does it have a )
role in the treatment of severe COVID-197 T

Xiaoyang Hong?'!, Jing Xiong® <<% Zhichun Feng®”*, Yuan ShibP-<d.ef**

* Bawyi Children’s Hospital, The Seventh Medical Center, PLA General Hospital, Beijfing. China

b nepartment of Neonatology, Ministry of Education Key Laboratory of Child Dewvelopment and Disorders. PR China

= mMational Clinical Research Center for Child Health and Disorders, PR China

9 ¢hina international Science and Technology Cooperation base of Child development and Critical Disorders, PR China
= Children’s Hospital of Chongging Medical University, PR China

Frhongging Key Laboratory of Pediatrics, Chongging 400014, PR China

Table 2
Current clinical uses of ECMO for COVID-19

Application Study design Cases on ECMO (total Outcomes of ECMO Reference
cases)

Critically ill patients with SARS-CoV-2 Single center, retrospective, 6 (52) Five patients died while one patient was stillon  (Yang et al.,
pneumaonia study ECMO at the endpoint 2020

Fatients with ARDS caused by SARS-CoV-2 Single center, retrospective 10 (221) Two patients were discharged, three patients (Cugin et al.,

study died, and five patients were still on ECMO atthe 2020)
endpoint

Critically ill patients with SARS-CoV-2 Single center, retrospective 4 (138) A {Guan et al.,
pneumaonia study 2020

Critically ill patients with SARS-CoV-2 Multice nter retmspective 5 (1099) A (Huang et al.,
pPRemonia study 2020

Critically ill patients with SARS-CoV-2 Single center prospective 2 (41) P& ( Brodie et al.,
PRenmonia study 2019

ARDS =acute respiratory distress syndmome; COVID-19= coronavirus disease 2019; ECMO = extracorporeal membrane oxyzenation; MA = not available; SARS-CoV'-2= severe
acute respiratory syndrome comnavins 2,
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ECMO use in COVID-19: lessons from past |C§m]
respiratory virus outbreaks——a marrative e

rewilaeww
Hwwa Jim Cho' 27T , Silbwver Heinmnsar'T, In Seok Jeong™, Kiramn Shekar’ ", Gianluigi Li Bassi'-~, Jae Seung Jung'-<,
Jdacky ™. Swuen! anmnd Jobhn F. Fraser -

cCoVvID-19 2019
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H1N1 2009 MERS 2012
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Fig. 1 Geographical distribution in previous viral outbreaks with the name of viral outbreaks and onset year. The number of infected cases

(coloured bar) and number of deaths (blank bar) with percentage of death are described under each map. The length of the bars represent the
approximate ratio of infected cases to deaths. The geographic distribution in COMD-19 is not expressed in this figure since the numbers and
countries are still changing. As of May 19, 2020, total infected numbers of cases are over 4,700,000 and over 310,000 (55%) died of COVID-19.

SARS Severe acute respiratory syndrome; MERS Middle East respiratory syndrome; COVID-19 Coronavirus disease 2019




Cho et al Critical Care (2020) 24:301

Table 2 Demographic data, thie patient characteristics and ECMO data of 8 multicentre studies with H1 M1 outbhreak (2009-2010)

Study group Crata collecrion, ECMIO prsstoml Age of BOMO PalO2/FIO2" MY duration™ EBECMO duration Discharged
population HIMN1T pts prs (years) (mmHg) (days) (days) alive®, m (36)

ANZ ECMO Influernza Retrospective’ 15 KUs &8/ 194 344 (266-43.1) 56 (48-63) A 10 (F—15) 32 (47.19)

Imwestigator [40]

UK ERP with SwiFT study [41]  Prospectives/3d centres 75 IES5+ 114 5494+ 143 4494 37 P 57 (M52%6)

Italian BECMO network [42] Pros pective/14 1CUs SO 153 39 (32-46) 633 (56-73) 2 (1-5) 10 (F=17 41 (6839%)

Australian ERF [43) Retrospective 3B g Y 583 I Y I Y 33 (85.89%)

lapanese Society [44]) Retrospective/ 12 ICUs 14 54 50 (40-55) 5 (DB-85) 85 (4.0-10.8) 5 (35.7396)

REWA. Ressanch Metwork Pros pectives/114 1C LS 123 42+ 13 83+ 21 2 (1=5) o8 7o (51 220)

in Fmnce [45]

Gemmarny ARDS network [45]) Retrospective’40 &1 116 42 (3945 BF (741010 NA I Y 28 (45 990)
centres

Italian BECMO network [47] Prospectives/14 centres &0 IDFE12 [ WY I 41 (S8.39%)

Table 2 Demographic data, thie patient characteristics and BECMO data of & included studies withh MERS outbreak (201 2—2015)

First author Country  Study design Studche BECMIO prss  Age of BCMO PaO2/A0O2® MW duration®™ BCMO dumation Discharged
population total pts. pts. [years) {mmHagh [danws) [daws) .-:ul'rb.r-EF'_. i WY
Choi WS [10) South Retrospective, 'Ward and ICU 137185 P, I I, I 2 {61.5%%)
Korea multicentre
Rhes v [11] Case revisw, Ward and I 145 35 53 O (4 ) & o
single centre
Al-Dorzi HhA [12] Saudi Prospectives HOM im KL 1/8 A A Pl 15 L&)
Arabia single centre
Arabi v [13) Retrospectives KLU 19330 M ML M P & (31.5%)
multicentre
Alshahm@mni MS [14) Retrospectives KLU 17435 455 (ZES5-585) MA M P, & (35.3%)
multicentre
Shalhoub 5 [15]) Retrospectivey HOW in ward /32 P A I 2 A I 2 (1] D)

multicentre

and )




_ EOLIA LIFEGUARD COVID 19 - ECMO

Day-60 Mortality

Pre-ECMO
P/F orani

Complians

Driving Pressure

ECMO oOncesi prone
poziyondan yararlanma

ECMO sirasinda prone
pozisyon kullanimi

Ventilator iliskili pnomoni
orani

%35

73

%56

%10

%39

%39

71

%26

%31

62

by
(N

%94

%81

%87






Coronavirus Disease 2019 Coagulopathy:
Disseminated Intravascular Coagulation and
Thrombotic Microangiopathy—Either, Neither, or Both

Marcel Levi, MD, PhD, FRCP'-Z Jecko Thachil, MD, FRCP?

e COVID-19 &
Pro-inflammatory
cytokines
Activation of Endothelial cell
mononuclear cells / injurV \
Tissue factor-driven Plasminogen activator Ultralarge von
activation of release and plasmin Willebrand factor
intravascular coagulation generation multimers
Thrombo-embolic Broncho-alveolar High D-dimer Localized
events fibrin deposition and levels pulmonary
acute lung injury microangiopathy
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A bmnormal coagsulation parameters are associated with poor
PpPrognosis in patients with mnovel coronavirus pneuMmonia

Ning Tong? | Dengiu LiZ2 | ions Wang? | Zivons Sund
| SURVIVOR %0.6
NON SURVIVOR
< %71.4
+— g Tt Protrombin zamani (PT) ve aPTT normal veya
8 o hafifce uzamis
;’ Lol Platelet sayilari normal / hafif trombositoz
EES L4 H Fibrinojen artmis
T ™ . D-dimer artmis
BEE \ ] ' Faktor VIII aktivitesi ve VWF antijen artmis
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Coagulation and anticoagulation in COVID-19

Tarik Hadid *" ", Zvad Kafri =", Avad Al-Katib®

= Departmernt of Intermeal Medicine, Wayne Seare Univerziey, School of Medicine, Dermoir, AT, L7SA
b 4 scension Afichigan, Derroie, AT, L5SA

Table 1
Difference in coagulation parameters between COVID-19 and conventional
sepsis.

Variable COVID-19 zepsiz  Conventional sepzis
aPTT N/T /111

PT N/T /111

Fibrinogen 11171 111171
Thrombocytopenia N/ W/

FSP t/tt ALl

D-Dimer tt/1 741

Schistocytes on penipheral blood smear Mot present Frequent




Hypercoagulability of COWVID-19 patients in intensive care
unit: A report of thromboelastography findings and other
parameters of hemostasis

Mauro Panigadal | Nicola Bottino®! | Paola Tagliabue! | Giacomo Grasselli? |
Cristina Novembrino® | Weena Chantarangkul® | Antonio Pesenti® | Flora Peyvandi®? |

Armando Tripodi®

.”/_ e Essentials

—*fﬁ s COVID-19 is aszociated with a derangement of hemo-
'I,j‘u,hﬂ__ _____ [ stasis, described as DIC.
k‘k___ — s COVID-19 iz associated with hypercoagulability as

shown by thromboelastography.
FIGURE 2 Typical TEG tracings. Upper and lowsr lines h1f' - PITIF
represent a healthy subject and a COVID-1% patient. respectively. " Eﬂllﬂr“]'l? PEItIEI'ItS are EElﬂ-lj-IIjEItE t':l' aﬂtlthl'lil-l'ﬂhﬂtlt

The COVWID-1% patient was characterized by the following TEG
parameters: B = 5.5 minutes. K = 0% minutes. Angle K = 7885

MA = 88 8 mm and by the following hemostasic parameters: |'.'I-rl:l|'.'l-|"|"|l'|EIl:-I'3-|"'|Zr'E-EItI'r1Eﬂ't

Prothrombin time ratio = 1.19. Activated partial thromboplastin

time ratio - 1.21. D-dimer - 1829 ng/mL. Fibrinagen - 849 mg/ ¢ Clinical trials are urgently needed to establizh appropri-
dL. Antithrombin = 87 L/dL; Protein C = 114 UfdL. Protein 5

[free antigen] — &8 U/ dL. Factor Wil = 24% L/dL. von Willebrand EtE .Elﬂtlthl'l:l-rﬂ| | -c -ImE—

factor [antigen) = 47& AL, von Willebrand factor (rstocetin
cofactor) = 347 WidlL. Platelet count = 348 = 10°/L




STAGE 1 STAGE 2 STAGE 3

D-dimer’ 2 to 3 times fold URL 3 to 6 times fold URL >6 times fold URL
Platelet count’ Normal 100 to 150 x109/L < 100 x10%/L
PT (aPTT)" Normal Minimally prolonged May be markedly prolonged
Fibrinogen Increased Increased Decreased
Inflammation Local Systemic Hyperinflammation
DIC Not present Not present May be present
Plasminogen activity Increased Moderately increased Relative deficiency
Time of evolution & place Ward Ward/HDU/ICU IMV & ICU £ ECMO

Experimental Systemgtic LMWH prophylaxis vs. Systematic regylar vs. double dose LMWH Systemat.ic double dose LMWH
weight LMWH based vs, prophylaxis vs. full dose LMWH. prophylaxis vs. full dose LMWH

therapy full dose LMWH Inhibition of contact system activation Thrombolysis

J Am Heart Assoc. 2021;10:e019650. DOI: 10.1161/JAHA.120.019650




Full Length Article

Venous thromboembolism in patients with COVID-19: Systematic review
and meta-analysis

Angelo Porfidia®™', Emanuele Valeriani”~'-", Roberto Pola®, Ettore Porreca”, Anne W.S. Rutjes,
Marcello Di Nisio®

*Thrombosis Research 2020; 196:67-74.
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Anti-coagulant and anti-platelet therapy in the COWVID-19 patient: a best practices
guality initiative across a large health system

Ryan A. Watson™ 2=, Drew M. Johnson™ 2=, Robin M. Dharia o, Geno 1. Merli «o° and Jobhn U, Doheroy o

*Diwision of Cardiology, Deparoment of Medicine, At Thomas lefferson University Hospital, Sidney Kimmel Medical Collegse, Philadelphia, Pa, UsA;
bDwisicn of Cersbrovascular Diseasse, Deparmtment of Neurology, Thomas lefferson University Hospital, Sidney Kimmesl pMedical Collegs,
FPhiladelphia, PA, USA; “Division of Vasoular Medicine, Department of Surgery and Meaedicine, Thomas lefferson University Hospital, Sidmey Kimmel
rMedical College, Philadelphia, Pa_ LIS

Prophylaxis including A ) | Consider oral
mechanical measures [\ ) | anticoagulation




COVID 19 VE ANTIKOAGULAN TEDAVI

Uluslararasi dernekler hastaneye yatan her hasta icin
kontrendikasyon yoksa antikoagulan tedavi (DMAH veya
standart unfraksiyone heparin) ile tromboz proflaksisi
oneriyor.

Agir olmayan COVID-19
BMI <40kg/m2: Enoksaparin 40mg/giin sc
BMI > 40/kg/m?2 Enoksaparin 40mg 2x1 sc

CrCl < 30ml/dak. : Enoksaparin kullanilmasi dnerilmez.
Standat heparin énerilir. 5000 U sc 2x1 veya 3 x1

Agir COVID-19

CrCI> 30 ml/dak enoxaparin 40mg 2x1sc, veya standart
heparin 7500 U/; 3x1




COVID 19 VE ANTIAGREGAN TEDAVI

Su anda COVID-19 hastalarinda
arteriyel tromboembolizm
profilaksisi icin aspirin kullanimini

destekleyen herhangi bir kilavuz
vok, ancak antitrombositlerle
calismalar planlanmis veya devam
etmekte




COVID 19 VE ANTIKOAGULAN TEDAVI

Eculizumab-anti-C5 monoklonal antikor

Seksen kritik COVID-19 hastasi ile yapilan
bir calisma (45'i eculizumab ve digerleri
standart tedavi) eculizumabin sag kalimi

lyilestirebilecegini ve hipoksiyi
azaltabilecegini 6ne strdu.

Bu ilacin kullanilabilmesi icin etkililigini
ve glvenligini degerlendiren randomize
kontrollt calismalara ihtiyag var (SOLID-

C19 calisma sonuclari bekleniyor)™***




Anticoagulation in COVID-19: Effect of
Enoxaparin, Heparin, and Apixaban on Mortality

Henny H. Billett'" Morayma Reyes-Gil?-* James Szymanski? Kenji lkemura? Lindsay R. Stahl?®
Yungtai Lo* Shafia Rahman' Jesus D. Gonzalez-Lugo' Margarita Kushnir!

Mo hammad Barouqa?
Ladan Golestaneh® Eran Bellin®=

Does Anticoagulation Decrease

Oryaex Mortality in COVID
Saturation

L

l Ventilation

Fig. 2 Visual Summary: Does anticoagulation decrease mortality in coronavirus disease.
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Critical Care
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The inflammMmatory response to D -

extiracorpo real

membranmne oxyvgenation

(ECMNMO): a revievw of the pathophvsiologyw

Jomnathon P, Famnmimg ', Charles |, pMcDonald?, Danicel Fo pAacAsualeyw? amnd dohn Fo Fraser?

Jomnatharn E. pPaillar™ =",

ECMO Biomaterial
with absorbed proteins

Endothelium

The inflammatory response to ECMO is complex and
multi-faceted. It remains unclear whether this excess in-
flammation is all deleterious, or if it has potential benefits
to the host. In summary, it arises principally due to the
contact and complement systems becoming activated as a
result of blood exposure to the extracorporeal circuit, The
combination of a sustained innate immune response and
the pro-inflammatory aspects of coagulation result in
“pan-endothelial” injury, with leukocyte activation and the
production of pro-inflammatory mediators. This ultim-
ately ends in a systemic inflammatory response and end-
organ damage.




ECMO ; Koagiilasyon ve Inflamasyon Arasindaki lliski

Kontakt sistem
(Kallikrein,bradikinin,HMWK)

Intrensek ve ekstrensek Koagiilasyon kaskadi

Plateletler
Kompleman sistemi
Endotelial hiicre aktivasyonu
Lenfositler
Sitokinler(TNF alfa,IL 6)




Bleeding and Thrombotic Complications in the
Use of Extracorporeal Membrane Oxygenation

James Thomas, MD' Vadim Kostousov, MDZ |un Teruya, MD, DSc, FCAPZ:3

Etiologies Management
* Coagulation factor deficiency * Plasma
* Thrombocytopenia * Platelets

* Cryoprecipitat

Acquired vWS s AR
Hyperfibrinolysis Bleed ing i,
* High tPA * Amicar
* Low PAI-1 * Tranexamic acid
FXIll deficiency FXlll concentrate

ECMO

Intravascular hemolysis

= “Reset” hemostasis

* High fibrinogen

» High FVIII . ey —w

* High vWF antigen Thrombosis ~—— B . b
+ Membrane oxygenator * Bivalirudin

 Ultrafilter

Lupus anticoagulant

Plasma exchange — TAMOF

Fig. 3 Bleeding and thrombosis during ECMO: etiology and management. ECMO, extracorporeal membrane oxygenation; FVIII, factor VIII; FXIII,
factor XllIl; PAI-1, plasminogen activator inhibitor 1; TAMOF, thrombocytopenia-associated multiorgan failure; tPA, tissue plasminogen activator;
VWF, von Willebrand factor; VWS, von Willebrand syndrome. (Reproduced with permission from Teruya and Burgman.*’)




James Thomas, MD1 Vadim Kostousov, MD?

Bleeding and Thrombotic Complications in the
Use of Extracorporeal Membrane Oxygenation

Jun Teruya, MD, DSc, FCAPZ.3

Test Desired target/range Purpose

PT <16.0-17.0 5 To assess underlying coaqulable state
aPTT with Dade Hepzyme <38.0s

Fibrinogen =200 mg/dL

aPTT 70-90 s To monitor heparin effect

D-dimer Mot established To monitor fibrin formation and fibrinolysis

in the circuit and patient’s circulation

Platelet count

=100,000/mm?**

To monitor clot firmness

Anti-FXa

0.2-0.5 units/mL

To monitor heparin activity

Antithrombin

=80-100%

To maximize heparin therapy
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COVID-19 and ECMO: the interplay ),

betvween coagulation anmnd inflammation—a T
Nmnarrative reviewvw

Marius=z Kowwalewwski 122" T, Darico Fina®*, artur Slomika®, Giuseppe hMaria Raffa® Gennaro Martucci”,

Waleria Lo CDCDZ"E‘r Maria Elemna [De F‘iszrn::)i‘ﬂr MMarco Ranucci"‘, Piotr Suwwalski! armnd Roberto Lorusso >

Table 1 Comparison of hematological and biochemical parameters in V-V ECMO and SARSCoV-2 induced ARDS
V-V ECMO SARS-CoV-2 ARDS

Hematological findings

White blood cell count Initial T 1
Lymphocyte 1 3
Neutrophil Initial T

Neutrophil activation Initial T ?
Monocyte Initial T -
CD3", CD4", CD8", T cells 1 11
Natural killer cells 1 -1
Neutrophil to ymphocoyte atio 1 1

Hemoglobin and red blood cell count

[,

Platelet count

-
—
|




SARS-CoV-2 ARDS

Coagulation and amticoagulation
Plat=let activaton
Plat=let aggregation
Platelet activaton factor
Heparin-nduced thrombooytopenia
WVon Willebrand factor
C-dimer
Fibrin degmadation products
Actiwated partial thromboplastin time
Prothrombin time
Thrombospondin
Fibronectin
Thrombin
Fibrinogen
High molecular weight kininogen
Prekallikrein
kallikr=in
Pl
Fx
|
Fxla
Fxl
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V- BECMO SARS-CoV-2 ARDS

Table 1 Comparison of hematological and biochemical parameters in Y-V BECMO and SARSCoWv-2 induced ARDS (Continued)

Fxlla Rapid 1 7
Fx 1 ?
Antithrombin Imitially | (LUFH) 1
C-prot=in 11 )
Acthvated clotting tinme T Fy
R-time thromboelastogmaphy T Fy
Inflammatory response
Tissue factor T )
Bradyvkinin 1 Ey
THFalpha 1 i |
IFM-gamma Ey T (4-6 days after presentation)
IL-1-beta T 11
IL-2 Y T
4- & days after presentation

IL-2R ? T
I~ 7 -
IL-5 T T
IL-8 1 7
IL-1D 1 T
laE 1 ?
I ? -
kG ? -1
gk 7 -

Complement -t -




Extracorporeal Membrane Oxygenation (ECMO)
in Critically Ill Patients with Coronavirus
Disease 2019 (COVID-19) Pneumonia and Acute
Respiratory Distress Syndrome (ARDS)

Vital Questions of ECMO in COVID-19

Yeterli kanit var mi?

Mortalite oranlari hala ¢ok yuksek
ECMO ne zaman uygulanmah ?

Hangi ECMO modalitesi (VV,VAV,VA)
Immonulojik faktorler( lenfosit sayisi ve
IL 6) ECMO kullanimindan olumsuz
etkilenmekte

Conclusions

The highly contagious 2019-ConV has now infected tens of
thousands of Chinese and has rapidly become a global pan-
demic, with health care systems overwhelmed with severe and
critically ill patients in less well-resourced countries. ECMO
is a sophisticated life support system supporting respirato-
ry and circulatory failure and has been utilized in the man-
agement of severe infection with MERS and HIN1 influenza,
with some evidence showing an additional survival benefit
with use of ECMO. Much remains mysterious about the virus
2019-ConV, and solid clinical evidence is lacking on the role
of ECMO in rescuing critical illness. Despite the application of
ECMO in China and recommendations on ECMO by WHO and
Chinese experts in COVID-19, several fundamental questions
remain unanswered, including benefit, timing, indications,
management, and risks of ECMO, as well as global sharing of
evidence from trials.




Extracorporeal membrane oxygenation and COVID-19: The
causes of failure

Abstract

Introduction: Venovenous extracorporeal membrane oxygenation (VV-ECMO) is a
therapeutic strategy for the coronavirus disease 2012 (COVID-19) induced acute
respiratory distress syndrome (ARDS). There are inconclusive data in this regard and
causes of WVW-ECMO failure are not yet understood well.

Case Series: Here, seven patients with COWVID-19-induced ARDS who underwent
VV-ECMO introduced and causes of WVWV-ECMO failure discussed. Medical records of
seven COWVID-19 patients treated with VV-ECMO were retrospectively evaluated to
determine the clinical outcomes of WVWV-ECMO. Oxygenator failure occurred in four
patients whom needed to oxygenator replacement. Successful WWVW-ECMO decan-
nulation was done in three patients, however finally one patient survived.
Conclusions: Hypercoagulability state and oxygenator failure were the most main
etiologies for VVV-ECMO failure in our study. All patients with COVID-12 undergoing
WWV-ECMO should be monitored for such problems and highly specialized healthcare
team should monitor the patients during Vwv-ECMOQ.

J Card Surg, 2020;1-6,



SONUC OLARAK

Siddetli COVID-19 hastaligiyla tromboembolizm arasinda guiclu bir
iliski vardir.

Trombotik komplikasyonlar morbidite ve mortalitenin baslica
nedenidir.

ECMO uygulamalarinin koagulasyon ve inflamasyon kaskadini
olumsuz etkiledigi unutulmamahdir.

COVID-19 iliskili Agir ARDS olgularinda ECMO uygulamasi
koagulapati Gzerine benzer olumsuz etkilere sahiptir.

Heparin, bivaluridin antikoagulasyon icin kullaniimasi daha onceki
ECMO uygulamalarina benzer sekilde dnerilmektedir.



