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Cardiac Complications (0-30 days) No. % No. %
Reported Reported Survived Survived

Mechanical: Oxygenator failure 428 6.3% 105 25%
Mechanical: Raceway rupture 18 0.3% 6 33%
Mechanical: Other tubing rupture 34 0.5% 11 32%
Mechanical: Pump malfunction 104 1.5% 31 30%
Mechanical: Heat exchanger malfunction 32 0.5% 18 56%
Mechanical: Clots: oxygenator 780 11.5% 243 31%
Mechanical: Clots: bridge 248 3.7% 76 31%
Mechanical: Clots: bladder 378 5.6% 101 27%
Mechanical: Clots: hemofilter 284 4.2% 70 25%
Mechanical: Clots: other 926 13.7% 320 35%
Mechanical: Air in circuit 212 3.1% 63 30%
Mechanical: Cracks in pigtail connectors 39 0.6% 19 49%
Mechanical: Cannula problem 404 65.0% 141 V.

Hemorrhagic: Gl hemorrhage 73 1.1% 10
Hemorrhagic: Cannulation site bleeding 720 10.7% 230
Hemorrhagic: Surgical site bleeding 1,995 29.5% 618 31%

Hemorrhagic: Hemolysis (hgb > 50 mg/dl)

Hemorrhagic: Disseminated intravascular coaqulation (DIC
Neurologic: Brain death clinically determined
Neurologic: Seizures: clinically determined
Neurologic: Seizures: EEG determined




Cardiac Complications (31 days and < 1 year)

Mechanical: Oxygenator failure
Mechanical: Raceway rupture

Mechanical: Other tubing rupture
Mechanical: Pump malfunction
Mechanical: Heat exchanger malfunction
Mechanical: Clots: oxygenator
Mechanical: Clots: bridge

Mechanical: Clots: bladder

Mechanical: Clots: hemofilter

Mechanical: Clots: other

Mechanical: Air in circuit

Mechanical: Cracks in pigtail connectors
Mechanical: Cannula problems
Hemorrhagic: Gl hemorrhage
Hemorrhagic: Cannulation site bleeding
Hemorrhagic: Surgical site bleeding
Hemorrhagic: Hemolysis (hgb > 50 mg/dl)
Hemorrhagic: Disseminated intravascular coagulation (DIC
Neurologic: Brain death clinically determined
Neurologic: Seizures: clinically determined
Neurologic: Seizures: EEG determined
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Cardiac Complications (1 year and < 16 years)

Oxygenator failure
Raceway rupture

Other tubing rupture

Pump malfunction

Heat exchanger malfunction
Clots: oxygenator

Clots: bridge

Clots: bladder

Clots: hemofilter

Clots: other

Air in circuit

Cracks in pigtail connectors

Hemorrhaqm: GI hemorrhaqe
Hemorrhagic: Cannulation site bleeding
Hemorrhagic: Surgical site bleeding
Hemorrhaglc: HemonS|s (hgb > 50 mg/dl)

Neurologic: Braln death clinically determined
Neurologic: Seizures: clinically determined
Neuroloqu' SeizureS' EEG determined

Neurologic: CNS hemorrhage by US/CT
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Cardiac Complications (16 years and over) No. % No. %
Reported Reported Survived Survived

Mechanical: Oxygenator failure 626 7.4% 228 36%

Mechanical: Raceway rupture 6 0.1% 2 33%

Mechanical: Other tubing rupture 14 0.2% 4 29%

Mechanical: Pump malfunction 64 0.8% 21 33%

Mechanical: Heat exchanger malfunction 8 0.1% 5 63%

Mechanical: Clots: oxygenator 776 9.2% 329 42%

Mechanical: Clots: bridge 54 0.6% 30 56%

Mechanical: Clots: bladder 17 0.2% 8 47%

Mechanical: Clots: hemofilter 113 1.3% 28 25%

Mechanical: Clots: other 521 6.2% 212 41%

Mechanical: Air in circuit 100 1.2% 30 30%

Mechanical: Cracks in pigtail connectors 0.3% 12%
H . A A 0 0

Hemorrhagic: Gl hemorrhage 360 4.3%

Hemorrhagic: Cannulation site bleeding 1,574 18.6%

Hemorrhagic: Surgical site bleeding 1,730 20.5%

Hemorrhagic: Hemolysis (hgb > 50 mg/dl)

Hemorrhagic: Disseminated intravascular coagulation (DIC

Neurologic: Brain death clinically determined

Neurologic: Seizures: clinically determined

Neurologic: Seizures: EEG determined

Neurologic: CNS infarction by US/CT :

Neurologic: CNS hemorrhage by US/CT 184 2.2%




Which is the ideal anticoagulant for ECMO?




Which is the ideal anticoagulant for ECMO?

An ideal anticoagulation for ECMO should inhibit platelet and
coagulation system activation within the extracorporeal circuit,
be easily titrated to clinical effect, yet still allow enough

endogenous coagulation activity to prevent bleeding in the
patient.

Lequier L et al, ECMO: Extracorporeal Cardiopulmonary Support in Critical Care 4th Edition




Which is the ideal anticoagulant for ECMO?

An ideal anticoagulation for ECMO should inhibit platelet and
coagulation system activation within the extracorporeal circuit,
be easily titrated to clinical effect, yet still allow enough
endogenous coagulation activity to prevent bleeding in the
patient.

Such an ideal anticoagulant is not currently available and
therefore unfractionated heparin remains default anticoagulant.

Lequier L et al, ECMO: Extracorporeal Cardiopulmonary Support in Critical Care 4th Edition




WHY DOES AN ECMO PATIENT MAY BLEED?

* Perioperative coagulopathy in post-cardiotomy
ECMO

* Need for anticoagulation during ECMO

* Peri-procedural coagulopathy

* Acquired von Willebrand disease

 Heparin-like effect




WHY DOES AN ECMO PATIENT MAY BLEED?

* Need for anticoagulation during ECMO
* Peri-procedural coagulopathy

* Acquired von Willebrand disease
 Heparin-like effect




Perioperative coagulopathy in
post-cardiotomy ECMO

Patients who need ECMO as a rescue approach after
cardiac surgery and difficult weaning from CPB have
usually experienced a prolonged surgery and CPB




Perioperative coagulopathy in
post-cardiotomy ECMO

As a result, they invariably suffer from a complex coagulopathy
which includes:

1. Thrombocytopenia

2. Platelet dysfunction

3. Low fibrinogen levels
4. Reduced levels of AT Il|
5

6

. Reduced levels of soluble coagulation factors
. Acidosis and hypothermia are common...



Perioperative coagulopathy in
post-cardiotomy ECMO

As a result, they invariably suffer from a complex coagulopathy
which includes:

. Thrombocytopenia

Platelet dysfunction

Low fibrinogen levels

Reduced levels of AT Il

Reduced levels of soluble coagulation factors
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Moderate-degree acidosis is an independent determinant of postoperative
bleeding in cardiac surgery.
Ranucci M', Baryshnikova E, Simeone F, Ranucci M, Scolletta S.

Abstract

BACKGROUND:

Acidosis is a well-known factor leading to coagulopathy. It has been widely explored as a risk factor for severe
bleeding in trauma patients. However, no information with respect to acidosis as a determinant of postoperative
bleeding in cardiac surgery patients exists. The objective of this study is to investigate the role of acidosis and
hyperlactatemia in determining postoperative bleeding and need for surgical revision in cardiac surgery patients.
METHODS:

Retrospective analysis on 4,521 patients receiving cardiac operations in two institutions. For each patient the
preoperative data and operative profile was available. Arterial blood gas analysis data at the arrival in the intensive
care unit were analyzed to investigate the association between acidosis (pH < 7.35), hyperlactatemia (> 4.0 mMol/
L) and postoperative bleeding and surgical revision rate.

RESULTS:

After correction for the potential confounders, both acidosis (P=0.001) and hyperlactatemia (P=0.001) were
significantly associated with the amount of postoperative bleeding. Hyperlactatemia was an independent risk factor
for postoperative bleeding even in absence of acidosis. Overall, surgical revision rate was 5.6% in patients with
hyperlactatemia and no acidosis; 7.7% in patients with acidosis and hyperlactatemia, and 7.2% in patients with
acidosis and no hyperlactatemia. All these values are significantly (P=0.001) higher than the ones in patients
without acidosis/hyperlactatemia (2%).

CONCLUSIONS:

Even a moderate degree of postoperative acidosis is associated with a greater postoperative bleeding and surgical
revision rate in cardiac surgery patients. Correction of acidosis with bicarbonate does not lead to an improvement
of the postoperative bleeding asset.

Ranucci M; Minerva Anestesiol. 2015 Aug;81(8):885-93



ORIGINAL ARTICLES

Acidosis and Coagulopathy

The Differential Effects on Fibrinogen Synthesis and Breakdown
in Pigs

Wenjun Z. Martini, PhD, and John B. Holcomb, MD

Synthesis rate Breakdown rate

O Control m Acid

FIGURE 1. Effects of acidosis on fibrinogen synthesis and
breakdown rates. *P < 0.05 compared with values in the
control group.

Martini W and Holcomb J; Ann Surg 2007;246: 831-835



WHY DOES AN ECMO PATIENT MAY BLEED?

* Perioperative coagulopathy in post-cardiotomy
ECMO

* Peri-procedural coagulopathy
* Acquired von Willebrand disease
 Heparin-like effect




ANTICOAGULATION ON ECMO: WHY?

1. TO AVOID CLOT FORMATION IN THE CIRCUIT

2. TO AVOID CLOT FORMATION IN THE PATIENT




ANTICOAGULATION ON ECMO: WHY?

2. TO AVOID CLOT FORMATION IN THE PATIENT




WE WANT TO AVOID.....

Material-dependent blood activation
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ANTICOAGULATION ON ECMO: WHY?

1. TO AVOID CLOT FORMATION IN THE CIRCUIT
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THE TEN COMMANDMENTS OF
ANTICOAGULATION ON ECMO
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. AN ECMO IS NOT A CPB

LOW HEPARIN DOSE MAY ONLY CONTROL LOW THROMBIN
GENERATION

THE ECMO CIRCUIT IS NOT THE ONLY SOURCE OF CLOTS
BEWARE OF BLEEDING

BEWARE OF THROMBOSIS

THE HEPARIN DOSE IS NOT A CONSTANT

CONSIDER THE COFACTORS (PLATELET COUNT AND AT Il
LEVELS)

FIBRINOGEN IS IMPORTANT BUT ONLY AT THE ECMO ONSET
(24 HOURS)

THERE ARE ALTERNATIVES TO HEPARIN

10. WE DON’T KNOW ANYTHING ON ANTICOAGULATION IN ECMO



ALTERNATIVES TO HEPARIN

1. Bivalirudin is a direct thrombin inhibitor

2. It works independently from AT levels

3. Continuous infusion, rapid onset/offset

4. Successfully used when HIT on ECMO or even in

non-HIT ECMO patients




Bivalirudin-based versus conventional heparin
anticoagulation for postcardiotomy
extracorporeal membrane oxygenation

H ( arlucci', Ekaterina Ba

v | Ranucci M et al, Crit Care. 2011;15(6):R275
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WHY DOES AN ECMO PATIENT MAY BLEED?

* Perioperative coagulopathy in post-cardiotomy
ECMO
* Need for anticoagulation during ECMO

* Acquired von Willebrand disease
 Heparin-like effect




Table 1. Main factors contributing to hemorrhagic and thrombotic complications in ECMO

Pro-hemorrhagic factors

Excessive heparin anticoagulation
Consumption of coagulation factors
Low fibrinogen levels
Thrombocytopenia

Platelet dysfunction
Hyperfibrinolysis

Acquired von Willebrand disease

Surgical site bleeding

Pro-thrombotic factors

Inadequate heparin anticoagulation
Acquired antithrombin deficiency

Protein C-S complex consumption

Tissue factor pathway inhibitor consumption
Endothelial dysfunction

Heparin-induced thrombocytopenia

Blood stagnation in the cardiac chambers

Endotoxins




PERI-PROCEDURAL COAGULOPATHY

1. Coagulation factors consumption (rarely a problem,
thrombin generation is low, may be locally high...)

Therefore, very rarely there is the need for PCCs or rFVlla..
FFP may be useful if volume replacement is needed.




PERI-PROCEDURAL COAGULOPATHY

2. Low levels of fibrinogen. Usually at the onset in post-
cardiotomy ECMO; subsequently, fibrinogen levels rise,
unless in case of continuous bleeding

Fibrinogen concentrate is the best source. Target levels
unknown, possible 1.0-1.5 g/dL or 10 mm at FIBTEM




PERI-PROCEDURAL COAGULOPATHY

3. Low platelet count/function
Platelets are continuosly consumed and activated on

ECMO. Heparin is bound by platelets. Therefore, the
lower is the platelet count, the more UFH will work...

Platelet concentrates are the only option. Target values
variable.




PERI-PROCEDURAL COAGULOPATHY

4. Low AT levels

AT is continuosly consumed during UFH anticoagulation

on ECMO. The lower is the AT activity, the less UFH will
work

Purified AT is the best source. Target value 70%?




WHY DOES AN ECMO PATIENT MAY BLEED?

* Perioperative coagulopathy in post-cardiotomy
ECMO

* Need for anticoagulation during ECMO

* Peri-procedural coagulopathy

 Heparin-like effect




Shear Stress

The NEW ENGLAND JOURNAL of MEDICINE

Acquired von Willebrand Syndrome

in Aortic Stenosis

André Vincentelli, M.D., Sophie Susen, M.D., Thierry Le Tourneau, M.D., Ph.D.,
Isabelle Six, Ph.D., Olivier Fabre, M.D., Francis Juthier, Anne Bauters,
Christophe Decoene, M.D., Jenny Goudemand, M.D., Ph.D.,

Alain Prat, M.D., and Brigitte Jude, M.D., Ph.D.

Vincentelli A et al; N Engl J Med. 2003 Jul 24;349(4):343-9
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Intensiv Med (2012) 38:62-68

DOT 10, M134-011-2370-6

Claudia Heilmann
Ulrich Geisen

Friedhelm Beversdorl
Lea Nakamura
Christoph Benk

Georg Trummer
Michael Berchtold-Herz
Christian Schlensak
Barbara Zieger

Acquired von Willebrand syndrome in patients
with extracorporeal life support (ECLS)




WHY DOES AN ECMO PATIENT MAY BLEED?

* Perioperative coagulopathy in post-cardiotomy
ECMO

* Need for anticoagulation during ECMO

* Peri-procedural coagulopathy

* Acquired von Willebrand disease




RESEARCH Open Access

Heparin-like effect in postcardiotomy
extracorporeal membrane oxygenation patients

6, Concetta Carlucci, Mauro Cotza, Giovanni Carboni

Abstract
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Ranucci et al. Critical Care 2014, 18:504
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Key messages

¢ During ECMO without he
the patients experience an HLE in about
50% of cases
The HLE is evident during the first week on ECMO,
and decreases with time after the seventh day on
ECMO
The HLE is not due to liver failure or heparin
coating of the ECMO system
There is an association between the HLE and the

onset of sepsis, with a sepsis rate during ECMO of

30% in patients with an HLE, and of 6% in those

without this phenomenon.

Ranucci et al. Critical Care 2014, 18:504



How to monitor?




HEPARIN-BASED ANTICOAGULATION
Dose range 20-70 [U/kg/min

aPTT (50/70 sec) plus...



HEPARIN-BASED ANTICOAGULATION
Dose range 20-70 [U/kg/min

Table 2. The optimal hemostatic pattern for the ECMO patient
Parameter Suggested value

Activated clotting time (seconds) 180 - 220
d PTT (50/70 SeC) pl us... Anti Factor Xa activity 0.3-0.7 IU/ml
International normalized ratio 1.3-15

R — time at thromboelastography (seconds)

Fibrinogen (mg/dL)

Maximum clot firmness at FIbTEM (mm)

Antithrombin activity (%)

ECMO-
Extracorporeal Life

iuppoi%

Platelet count (cells/mmc) > 80,000 (bleeding patients/high risk)

> 45,000 (no bleeding / low risk)

D-dimers (Jg/L) < 300

Y

Fabio Sangalli
Nicold Patroniti
Antonio Pesenti
Editors

el Sangalli F et al; ECMO-Extracorporeal Life Support in Adults; Springer; 2014




Thrombin generation

Coagulation factors

1%

Clot firmness
Fibrin + platelets

min min
12,2 2,7
4 —8 [

- —'ﬂ_'_'n_'_'l_'_:— 1
PMA, G EPL &
d/sc % mm
0,0 6, 7K 1,2 48,7

6,0K —13,2K 0 — 15

Figure 1. Thromboelastographic tracing

Clot lysis
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Y
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Figure 3. ROTEM analysis for fibrinogen concentration (FIBTEM)




Variability in anticoagulation management of patients on
extracorporeal membrane oxygenation: an international survey

ATII measurements (n=117 respondents) Routinely 60 (51%)
Occasionally 36 (31%)

Never 21 (18%)

ATII monitoring frequency (n=89 respondents) Every 1-8 h 7 (8%)
Every9-12h 17 (19%)
Every 13-24 h 45 (51%)

Only as needed 20 (22%)

Anti-factor Xa measurements (n=115 respondents) Routinely 46 (40%)
Occasionally 29 (25%)

Never 40 (35%)

Anti-factor Xa monitoring frequency (n=66 respondents) Every 1-8 h 15 (23%)
Every9-12 h 12 (18%)
Every 13-24 h 27 (41%)

Only as needed 12 (18%)

TEG measurements (n=116 respondents) Routinely 21 (18%)

Occasionally 29 (25%)

Never 66 (57%)

»
All parameters refer to a typical ECMO patient at the respondent’s ECMO center; ACT: activated clotting time; SD: standard deviation; CBC:
complete blood count; ECMO: extracorporeal membrane oxygenation; LDH: lactate dehydrogenase; AT: antithrombin; TEG: thromboelastogram

Bembea m ET AL; Pediatr Crit Care Med. 2013 February ; 14(2): e77




Table 2. Properties of the ACT for predicting an aPTT on target
Heparin-treated patients (N=29)
ACT range (seconds) Sensitivity Specificity PPV
161 - 186 1.5% h.2% 61% 57.4% 0.001

R-time range (minutes)  Sensitivity Specificity

54.3% 57 4%

ACT range (seconds)

R-time range (minutes)  Sensitivity y MNPV

91-158 51.5% 6 o 64.5% 52.9% 0.010

ALCT: activated clotting time; aPTT: activated partial thromboplastin time; R: reaction

Ranucci et al, data under submission, 2015



Heparin-treated patients

ACT 161-186 sec

MA =49 mm

/ Do nothing

ACT > 186 sec

ACT < 161 sec

MA 45-48 mm

Check platelet
—;> countand
—/ fibrinogen
levels

!

/]

N\

R-time > 22 min

R-time < 9.5 min

MA <45 mm

Platelettransfusion
%> and or fibrinogen
| V" supplementation

PPV: 72%

u PPV: 89%

Decrease the
heparindose

@PPV: 82%

Increase the
heparindose

Ranucci et al, data under submission, 2015




Bivalirudin-treated patients

) Donothing

R-time 9.1-15.8 min MA =49 mm I

~ Checkplatelet
R-time> 15.8 min R-time < 9.1 min MA 4548 mm | > countand

V" fibrinogen
Il 1}
Platelettransfusion
I

levels
ACT > 209 sec ACT < 174 sec MA < 45 mm _ and or fibrinogen
‘> supplementation

PPV: 72%
@PPV: 80% MPPV: 78%

Decrease the Increase the
bivalirudin dose bivalirudin dose

Ranucci et al, data under submission, 2015




CONCLUSIONS

1.There are very little topics that deserve more
studies and knowledge than coagulation
management on ECMO

2. Point-of-care monitoring tools are required

3. Alternatives to UFH should be tested in large series



