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Ensuring bath, the quality and the supply of blood praducts is becoming
increasingly difficult. This is leading to a more rational use of the limited
resource "blood” and to a critical view on the nead of blood transfusions.

Blood loss, anasmia and blood transfusions are independent predictors
for worse outcomes and patients’ quality of life. This includes an increase
in morbidity and mortality, as well as a prolonged stay in hospital. In short,
transfusions typically lead to avoidable complications and costs.

In this context, the targeted ROTEM®*-based bleeding contral solution is
intagral to Patient Blood Management that is predicated on both
praamptive and reactive blood-saving measures. In fact, WHA 63.12, all
183 WHO member states have been asked to implement the concept of
PEM in a timely mannar.




ROtational ThromboElastoMetry

* Method of measuring hemostasis quality via the viscoelastic
properties of a blood clot

e Science developed in the 1940’s (Thromboelastography)

 ROTEM provides a rapid assessment of clot development from secondary hemostasis
to clot lysis:

= Clot Formation
= Clot Firmness
= Clot Fibrinolysis

* Provides a global assessment of coagulation.
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BENEFIT OF ROTEM

Information beyond the PT, aPTT & ACT

Whole Blood
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Color coding for easy visualization of the developing clot’s amplitude.
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The TEMogram provides colors and other visual markers to aid in the rapid

assessment of the developing clot.



Color coding for easy visualization of the developing clot's amplitude
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The TEMogram provides colors and other visual markers to aid in the rapid
assessment of the developing clot.
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Evaluate the shape for the clot’s strength and stability
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ROTEM RESULTS
THE PARAMETERS

Clot Time (CT) Clot Formation Time (CFT)

onset of clot formation clot propagation rate
CTintem Ref. Range: 122 — 208 sec CFTintem Ref. Range: 44 — 110 sec ()
CTexrem Ref. Range: 43 - 82 sec ™ CFTexrem Ref. Range: 48 — 127 sec (1)

Provide Information About the
Patient’s

- Ability to generate thrombin

- Pathway specific factor deficiencies
(INTEM or EXTEM)

- The effects of heparin
(INTEM + HEPTEM)

Prothrombin ) — Thrombin
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ROTEM RESULTS
THE PARAMETERS

Maximum Clot Firmness (MCF) Amplitude 10 or 20 min after CT
Largest amplitude achieved; indicator ~ (A10, A20)

of clot sirength Early indicators of clot strength
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ROTEM RESULTS
THE PARAMETERS

Maximum Lysis (ML) Lysis Index 30 (L130)
Percentage of clot degraded Percentage of clot remaining

30 minutes after clot time (CT)

Provide Information About the Patient’s

Clot Stablllty H“ﬂ:nkrn - - rﬂiﬂﬂm Cell
| | /
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Fibrin Clot = FOP




ROTEM RESULTS
THE ASSAYS

INTEM - Intrinsic pathway activation via Ellagic Acid.

*Sensitive to Heparin

HEPTEM — INTEM + Heparinase; removes up to 7 U/mL
heparin from sample

EXTEM — Extrinsic pathway activation via Tissue Factor

*Also contains Polybrene, neutralizing up 4 U/mL heparin from
sample

FIBTEM — EXTEM + Cvtochalasin D to inhibit platelet
contribution

APTEM — EXTEM + Antifibrinolytic to inhibit hyperfibrinolysis



***Treating to the low end of reference range may not be enough***

THE TEMOGRAM: Evaluate ifs shape

Learn to recognize a "Normal” TEMogram The greater the amplitude the firmer the clot
Wine Glasses =¥ Good // Bullets <» Bad

THE PARAMETERS: Keep it simple, evaluate

ML = Clot Stability / Lysis (cansider TXA, Amicar)
AT10/AZ20 = Amplitude for Clot Firmness (cansider PR & Crya/Fibrin Canc.)
CT = Thrombin Generation iconsider Protamine, FFP & PCCs)

THE ASSAY COMBINATIONS: Use to rule in or rule oul
EXTEMFIBTEM — Fibrinogen/Fibrin? EXTEM-APTEM — Lysis?
INTEM-HEPTEM — Heparin?

Tools: Use them
Focket Guide

Algorithm



ROTEM® PARAMETERS
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ROTEM® vs.TEG PARAMETERS

HEMOSTASIS MAIN
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ROTEM®-based bleeding control
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Complicated bleeding situations can occur intra- and post-operatively.
They can be life threatening and always require immeadiate action.
A fast differential diagnosis is vital. it is also the basis of a targeted tharapy.

The ROTEM?®- analysis offers reliable results within 5-10 minutes and
provides critical information about the efficacy of the therapy. Additionally,
the ROTEM®- analysis enables continuous monitoring and therafore any

therapy changes as neaded.

ROTEM*® facilitates the management of bleeding episodes as they can
QCCUr In Major surgary, Such as:

+« Cardiac and vascular surgery

+*  Organ transplantation

« Trauma

=  Abdominal surgery

®  Tumor remoyal

+* QOrthopedic
* Dbstetrics
and othars.

The result is a significantly improved patient outcome and lower healthcare
cost per apisode with subsaquent cost savings banafit.

ol



The complete ROTEM® system with ROTEM® defta and ROTEM® platelet
can be performed at the patient’s point of care and provides a coagulation
status overview within 10 minutes of providing information on:

Requirement for factor, fibrinogen or platelet substitution
Detection of platelet function and aggregation
Hyperfibrinolysis

Extent of dilutional coagulopathy

Heparin and protamin dosage monitoring




= First results are available within 3 to 10 minutes

- B channels: differential diagnosis of coagulopathies

- Simplified interpretation of results via colour coded TEMograms/
aggregation graphs and highlighted abnormal parameter results

- Easy therapeutic control using previous patiant results as overlays

= Fast interpretation by ovaray of standard curves over running results

= ROTEM® Data solutions enabled by HIS/LIS connection for
compreheansive data transfer

= Mobile usa via the ROTEM® trollay ’ N\
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Specimen Requirements:

1L Tests are performed with citrated whole blood (3.2% citrate) same tube as for other coagulation
tests in the laboratory. These are blue top tubes that must be appropriately filled to the
indicator line to maintain the proper blood/anticoagulant ratio.

Clotted or hemolyzed specimens are not acceptable and need to be recollected.

3. Itis recommended that the sample be tested within 4 hours of collection.

Specimens are to be kept at room temperature until tested.

L

-



Equipment/Materials:

1 Rotem Delta Thromboelastography system
12x75 Sodium Citrate 3.2% sample tubes
Rotrol controls N and P.

Rotem pipet tips

Rotem pin/cup assembly
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Generally, the measurement resulls are interpreted with routine parameters. (Figure 4-2)
shows the most important routine parameters. The y-axis depicts the amplitude in mm,

whereas the x-axis shows the time in minutes.

hay & 5
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Amplitude in mm (clot firmness)

0 10 20 30 40 50 Gl
Time in min

Figure 4-2: The most important routine parameters



Fargani and Levy Critical Care 2013, 17432
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Algorithm-based management of bleeding
in patients with extracorporeal membrane

oxygenation

Danvid Faraoni® and Jermold H Lewy?

See relared research by Repressé of al, Mip-focfanirm.camfoantenty 17 2/FS5

e read with interest the paper published by Repressd
and colleagues [1]. Coagulation management is a chal-
lerge during extracorporeal membrane oxygenation
(ECMO) due to complex hemostatic and Inflammatory
responses assoclated with the underlying conditions that
include infection, sepsis, surgery, and/or traumatic injury
[2]. Repressé and colleagues present the fiest algorithm-
based approach to bleeding in ECMO patients. However,
additional perspectives are lmportant to consider,

First, activated partial thromboplastin time or anti-
activated factor X monltoring are routinely used to moni-
tor heparin therapy in ECMO patients, deapite intra-
individual and inter-individual varlabilicy [3]. Rotational
thromboslastometry (ROTEM®; TEM® International
GebH, Munich, Germany) s also increasingly used In
the ICL to rapidly assess the coagulation status, including
clotting factors, fibrinogen levels, and whole Bblood
clotting [4]. Moreover, this test also facilitates fibrinolytic
pathway evaluation, which cannot be easlly explored by
routine laboratory tests, We belleve ROTEM® could be

EXTEM FIRTEM

{b:l-

_‘ T8 : 10 my.hg-1 end Fibriragen caroantrete: 2 g
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Figure 1, Hyperfbrinalyis diagnosed in o Beeding
exiracarpareal membirane axygenation patient, {al Aaseine
EXTEM, (b biasaling FIBTEM. (g} EXTEM ared {d} FIETER
thrombaslastametry tests after the administratian af tranesamic acid
(TxA; 10 movlql and fibinogen concentrates {2 g




Is Rotational Thromboelastometry the Answer for
Rapid Prediction of Coagulopathy on Extracorporeal
Membrane Oxygenation?

Ameya Karanjkar' Vandana Bhardwa]" Poonam Malhotra Kapoor®

'Department of Cardiac Anaesthesia, Cardio Thoracic Centre, All Address for correspondence Foonam Malhotra Kapoor, MO, DM,
India Institute of Medical Sciences (AlIME], New Delbi MMNAMS, FIACTA (Honyp, FTEE (Hony), FISCU [Homry),

Department of Cardiac Anaesthesia, Cardio Thoracic Centre,

Al india Institute of Medical Sciences (AlIMS), New Delbi

{e-mall: drpoanamalims&gmail.com).

JLard rit Care TSS 20071108110

Abstract Extracorporeal membrane oxygenation (ECMO) induces a variety of changes in hemio-
static system due to various reasons such as exposure to the extracorporeal circuit,
Keywords activation of the coagulation and complement pathways, consumption of platelets,
= coagulopathy activation of various mediators of inflammation, and imbalance between clot forma-
= extracorporeal mem- tion and resorption. Giving cryoprecipitate and platelet concentrates is more import-
brane mygenation ant than adding whole blood in these patients. EXTEM CT and FIETEM AS give results
- m|:|-i-|:|_|:|lE||:|i|:tinn within a few minutes and shortened turmaround time brings imported results.
= rotationa

thromboelastometry



AESEARCH ARTICLE

Clinical and pathophysiologic aspects of
ECMO-associated hemorrhagic complications

Konstantin A. Popugaev ™ "**, Sergey A. Bakharev’, Kirlll V. Kiselev®, Alexander
5. Samoylov®, Nikelay M. Krugl . Sergey A. Abudeev', Sergey V. Zhuravel’, Aslan
K. Shabanov', Thomas Mueller’, Stephan A Mayer”, Sergey 5. Petrikov’
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Bumasyan Fadaral Madcal Biophysical Certer of Fadaral Medical Biological Agency, Moscow, Russia,

3 Deparimant of Stabistics and Cybametics, Firogoy Aussian Mational Reseanch Medical Liniversity, Mascow,
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Predicting Transfusion Requirements During
Extracorporeal Membrane Oxygenation

Halmuth Tauber, MD,* Wernar Streif, MD,t' Josef Fritz, Dipl.Ing,# Halmut O, MD,§ Guenter Weigel, MD,§
Lorin Loacker, MD,§ Anneliese Heinz, MD,) and Corinna Velik-Salchner, MD*'

Objective: Patients requiring extracorporeal membrane
oxygenation [ECMO) have a well-known bleeding risk and
the potential for experiencing possibly fatal thromboembalic
complications. Risk factors and predictors of transfusion
requirements during ECMO support remain uncertain. The
authors hypothesized that compromised organ function
immeediately before ECMO support will influence transfusion
requirements.

Design: A prospective observational study.

Setting: A tertiary, single-institutional university hospital.

Participarts: The study indluded 40 adult patients reguir-
ing ECMO for intractable cardiac and respiratory failure
between July 2010 and December 2012. Blood samples were
taken before initiation of ECMO (baseline], after 24 and 48
hours on ECMO, and 24 hours after termination of ECRO.

Interventions: None.

Measurements and Main Resvits: Independent of weno-
arterial or veno-venous support, 28°% of patients reguir-
ed =2 packed red blood cells per day (PFREC./d| and 74% of
patients required -2 PRBLC/d during ECMO. Requirements
of =2 FRBC/d during ECMO support were associated with
higher oreatinine levels and lower prothrombin times (PT, %)

at baseline and with impaired platelet function after 24
hours on ECMO. Matelet function, activated by thromibsin
receptor-activating peptide stimulation, decreased by 30°%:
to 40% over time on ECMO. Receiver operating character-
istic curve analysis showed cut-off values for creatinine of
1.49 mgfdL {sensitivity T0%, specificity 707, area under the
cursve [ALUC] 0.76, 95% confidence imterval [Cl] 0.58-0.94|, for
PT of 48% [sensitivity 80%, specificity 58%; AUC 0.6, 95%
Cl 0.50-0.87), and for thrombin receptor-activating peptide
{TRAP] 32 U |sensitivity 80%, specificity 68%; AUC 0.76, 95%
€1 0.59-0.93).

Conclusions: The results of this study demonstrated that
increased creatinine levels and bowrer PT before ECMO and
secondary impaired platelet function significantly increased
transfusion requirement.

o 2018 The Authors. Published by Elsewier lnc. AN nghts
reserved.

KEY WORDS: extracorpoveal membrane oxygenation
(ECAMO), transfusion requirement, creatinine, prothrombin
time, thrombin receptor-activating peptide (TRAP|, whole
blood impedance aggregometry



The Egyptian Journal of Critical

Care Medicine
Volume 6, Issue 3, December 2018, Pages 73-78

Review

Evaluation of coagulopathy on
veno-arterial ECMO (VA)
extracorporeal membrane
oxygenation using platelet
aggregometry and standard tests:
A narrative review

Poonam Malhotra Kapoor A B, Ameya Karanjkar, Vandana Bhardwaj

Abstract

Extracorporeal membrane oxygenation (ECMO) is an
established therapy for patients with cardiac failure,
pulmonary failure or cardiopulmonary failure. To
suppress the activation of the coagulation cascade,
anticoagulation is necessary. Unfractionated heparin
(UFH) is typically used for achieving the levels of
therapeutic anticoagulation (ACT 180-220). Recently,
viscoelastic tests of coagulation such as thrombo-
elastrographyc (TEG) and ROTEM are increasingly used
as they have shorter turnaround time and provide
sensitive information about composition of clot, clot
strength which can be used to assess and treat the
coagulopathy on ECMO patients. POC coagulation
management with ROTEM and impedance aggregometry
is now frequently used to determine first-line therapy
with specific coagulation factor concentrates such as
fibrinogen concentrates and prothrombin complex
concentrates.
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Our Experience:

Rotem was chosen over TEG due to instrument functionalities and the surgeon/physician familiarity of the system.

ROTEM delta

» Fully integrated system with on-board computer
» LIS compatible

» Remote viewing available

» EQC Option 2 (weekly controls)

Ergonomic features:
Temperature controlled work area
Touch Screen
Automated pipetter with stand
Test Overlays

Rack for consumables



Implementation of the testing required: purchasing the instrument, validating the instrument, and having the IT and
LIS departments create network connectivity and test build so that results could be posted electronically.***

Validation takes 6 weeks and $15,000 of reagents.

Having the instruments (2) located in the laboratory rather than at the bedside (point of care) with remote access to
real time test data available anywhere in the hospital.

Hemostasis Tests: APTT, PT

Additional testing requested by surgeons were ATIII (elevates and modulates the use of unfractionated heparin activity)

and anti-10a testing in addition to the standard battery of testing of PT, APTT, Fibrinogen and occasionally thrombin
time.

Laboratory was able to provide the platelet function screening using the Siemens PF100 instrument.



Our experience continued:

The primary champions for the use of ROTEM were the cardiac surgeons who regularly use ECMO. Secondarily
were other areas of the hospital, particularly the intensive care units who also used ECMO in specific situations.
ECMO is known to have associated inflammation and hypercoagulable side effects better measured by the whole
blood testing provided by ROTEM.

Transfusion requirements are more intelligently determined using the ROTEM information including FFP, platelet
concentrates and cryoprecipitate. Thus, avoiding TACO — transfusion associated circulatory overload.

Limitations of Current Methods
in ROTEM Analysis

Low sensitivity to therapeutic concentrations of GPIIb/ |lla antagonists
No sensitivity for aspirin or clopidogrel (Plavix®)

No detection of viWF or flow-dependent platelet function aspects

Low sensitivity to effects of oral anticoagulants

MNote:
Sensitivity is dependant on reagents

A limitation is not necessarily limiting the therapeutic consequence, e.g., therapeutic
dosages of LMWH is unlikely causing a bleeding risk, so detection is not helpful if any
other coagulation disorder is responsible for bleeding.



