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Extracorporeal membrane oxygenation (ECMO) induces a variety of changes in hemo-
static system due to various reasons such as exposure to the extracorporeal circuit, 
activation of the coagulation and complement pathways, consumption of platelets, 
activation of various mediators of inflammation, and imbalance between clot forma-
tion and resorption. Giving cryoprecipitate and platelet concentrates is more import-
ant than adding whole blood in these patients. EXTEM CT and FIBTEM A5 give results 
within a few minutes and shortened turnaround time brings imported results.
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Introduction
Extracorporeal membrane oxygenation (ECMO) induces a 
variety of changes in hemostatic system due to various rea-
sons such as exposure to the extracorporeal circuit, activation 
of the coagulation and complement pathways, consumption 
of platelets, activation of various mediators of inflammation, 
and imbalance between clot formation and resorption.1

Coagulopathy on Extracorporeal Membrane 
Oxygenation
When the patient’s blood first meets the foreign surface of the 
extracorporeal circuit, a variety of coagulative and inflamma-
tory cascades are activated. Levels of proinflammatory cyto-
kines such as tumor necrosis factor-α (TNF-α, interleukin 
6, interleukin 8, and bradykinin rise rapidly which in asso-
ciation with activation of the complement system results in 
activation of leukocytes.2

The complement system gets activated as soon as there is 
contact with the foreign ECMO circuit. Complement system, 
when activated, progresses to produce membrane attack 
complex (MAC) that further propagates the inflammatory 
response.3

Extracorporeal support is associated with a disseminated 
intravascular coagulation (DIC)–like consumptive coagulopathy 
due to tissue injury and contact activation. It is characterized by 
widespread activation of coagulation resulting in fibrin depo-
sition and microthrombi formation. The platelet and coagula-
tion factor consumption associated with DIC can lead to severe 
bleeding and thrombosis both. It also causes adenosine di-
phosphate (ADP), arachidonic acid (ARA), and tartrate-resistant  
acid phosphatase (TRAP) platelet receptor dysfunction.4

Exposure to heparin is also an important cause of bleeding 
in ECMO patients. It may lead to heparin-induced thrombo-
cytopenia and excessive anticoagulation. Both these factors 
contribute to the morbidity and mortality on ECMO patients.5

Monitoring the Coagulopathy on 
Extracorporeal Membrane Oxygenation
A blood clot is typically composed of red blood cells making 
up greater than 90% of blood clot volume. Clot strength is 
derived from the interaction of the fibrin network and plate-
lets. Fibrin-based clot strength is dependent mainly on factor 
XIII and fibrinogen, whereas platelets contribute to overall 
clot strength by binding and tightening fibrin fibers.6
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Classically, standard tests such as prothrombin time (PT), 
activated partial thromboplastin time (aPTT), internation-
al normalized ratio (INR), platelet count, and serum fibrin-
ogen level are used to diagnose and treat the coagulopathy 
on ECMO. However, these tests have more turnover time. 
Recently, evaluation using rotational thromboelastogram 
(ROTEM) has gained popularity due to bedside availability 
and short turnover time (10–15 minutes). Parameters such 
as maximal clot firmness (MCF), amplitude at 5 minutes 
(A5) and 10 minutes (A10) accurately predict the function 
of coagulation system. A5 can provide an accurate estimate 
of coagulation function in 5 minutes. Platelet aggregometry 
using ROTEM platelet gives important information regarding 
qualitative function of platelets.7,8

The authors would like to discuss case of a 30-day-old,  
3.2-kg infant diagnosed with D-transposition of great 
arteries. The patient was posted for arterial switch operation 
with integrated ECMO due to severe pulmonary hyperten-
sion. General anesthesia was induced, and cardiopulmonary 

bypass (CPB) was conducted with standard institutional pro-
tocols. After completion of procedure, the patient was put 
on venoarterial ECMO using poly methyl pentane circuit and 
Sarns centrifugal pump (Terumo Cardiovascular Systems 
Corp.).

After 40 hours of run on ECMO, the patient developed 
increased chest drain output. ROTEM analysis revealed 
deranged intrinsic and extrinsic pathways, and fibrinogen 
function (►Fig. 1).

To treat the coagulopathy, first fresh frozen plasma, then 
platelets, and finally 8 units of cryoprecipitate were trans-
fused in massive doses. After repeated transfusion of the 
blood products, chest drain output decreased, but bleeding 
did not stop completely suggesting an undiagnosed cause.

Though EXTEM and FIBTEM provide information regarding 
clot strength and fibrinogen levels, it cannot assess the plate-
let dysfunction. However, qualitative and quantitative platelet 
changes occur when a neonate receives ECMO. Platelet ag-
gregometry using ROTEM platelet can be useful in such cases 

FIBTEM 
(A5<8 mm)

EXTEM 
(Prolonged CT and ↓ MCF)

INTEM
(prolonged CT)

Fig. 1  Analysis using ROTEM. Upper figure shows deranged fibrinogen function, middle shows deranged extrinsic pathway, and the lower shows 
deranged intrinsic pathway.
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for further investigating the cause for bleeding, which may 
reveal the platelet dysfunction at ADP, TRAP, or ARA receptors.

Conclusion
ROTEM is an accurate and rapid tool for analysis of coagu-
lation pathways. There is both qualitative and quantita-
tive platelet dysfunction on ECMO that cannot be assessed 
by standard tests. Platelet aggregometry can come up as a 
valuable tool to assess the platelet dysfunction.
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