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Cardiac surgery and extracorporeal membrane oxygenation
(ECMO) both are thrombogenic procedures, wherein coagul-
opathy ensues. However, patients who are bleeding need not
to be coagulopathic. Hemodilution, hypothermia, and acidosis
all worsen coagulopathy. If this process continues, without
correction, a consumptive coagulopathy with a dilution coa-
gulopathy (disseminated intravascular coagulation [DIC]) is
formed, with immense morbidity and mortality in the later
stages, mandating resuscitation and immense morbidity and
mortality. Early detection of risk to bleeding and thrombosis
prevents inadvertent side effects of anticoagulation. This
entails detailed patient blood management (PBM) protocols
that are in most centers lacking, Is it feasible in 2021?1

There is thus an urgent need of framing protocols and
guidelines to perform appropriate tests to judiciously select
patients whomay be undergoing a cardiac surgery/ECMO, so
that the patient is not at a risk of going into a DIC! Also, the
need for restrictive blood component transfusions, in these
precarious patients, is an urgent measure needed today. As
per the recent European Association of Cardiothoracic
Anaesthesiology (EACTA) and Indian PBM guidelines, this
needs a diligent multimodal, multidisciplinary approach
today.2,3

No Coagulopathy, No Blood: Is It Feasible
Today?

In the literature, data on anticoagulation practices (in
cardiac patient and also both types of ECMO patients—the
venovenous [VV] and venoarterial [VA] ECMO), the coagu-
lation profile, and their ability to generate thrombin (the
principal clotting factor that maintains the balance between
bleeding and thrombosis) is scarce. Addition of an

anticoagulant like heparin, argatroban, bivalirudin, or fibrin
threads leads to an increase in thrombin time. Activation of
thrombin leads to cleavage of fibrinogen into fibrin
monomers.1 The fibrin threads crosslink to form with the
adhering platelets a stable clot. So, an increase in thrombin
suggests decreased fibrinogen levels in the body leading to
conditions like DIC.2–4

Role of Point of Care Testing in Monitoring
Hemostasis

To gain more knowledge into the process of hemostasis in
these patients, cardiac critical care, the application of point
of care viscoelastic test is very useful (►Figs. 1–5).5 Whether
we apply Sonoclot/thromboelastography (TEG)/rotational
thromboelastometry (ROTEM) or platelet mapping/platelet
aggregometry analysis to the mechanics of blood thromboe-
lastometry measures targeting the platelet function is much
better a test to do for quick andpromptdecisionmaking rather
than doing conventional laboratory tests. Conventional tests
like the activated coagulation time (ACT), international
normalized ratio, activated partial thromboplastin time, anti-
thrombin III levels, platelet count, andantithrombin test are all
plasma-based tests. None of these are platelet-centered tests,
theplatelet function tests asweseeon theSonoclot/ Rotational
Thromboelastometry (ROTEM)/ Thromboelastography (TEG)
asshown in►Figs. 1 to5. ThePFsonshowsplateletdysfunction
within 20minutes on the Sonoclot machine (►Fig. 5) and the
A6ordecreasedmaximumslope(MS)showsderangedplatelet
function (thrombocytopenia on ECMO—suggesting high
heparin dose and hyperfibrinolysis, in the ECMO patients—
correlates with decreased FIBTEM [Fibrinogen Thromboelas-
tometry]) (►Fig. 3).6
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Restrictive Blood Transfusion is the Norm in
Cardiac ECMO is 2022

Applying preemptive, restricted diagnostic, and therapeutic
strategies of blood transfusion can guide which blood com-
ponent therapy is to be given. In this era of restrictive
transfusion practices, this is a cost-effective strategy of
PBM as well as it takes care of health economics of our
country; ROTEM platelet function-based testing that is algo-
rithm based and is done in a goal directed transfusion
strategy model gives the best guidance to the correct blood
product usage of excessive red blood and yellow blood
products. If latter is applied in a timely manner, it is cost-
effective as well.6,7

Is There a Role of Factor Concentrates in
India?

Unlike Europe and United States, the four factor concentrates
of fibrinogen and prothrombin are poorly marketed in India.
Reliance inmost cardiac centers today till date is more on the
availability of cryoprecipitates, fresh frozen plasma, and
platelet concentrates (both random and single-donor plate-
lets) from the blood bank. Giving individual factor concen-
trates of antithrombin III, factor XI, factor XIII along with Von
Willebrand’s factor concentrates is still a restraint in most
centers. These factor concentrates act faster and should be

Fig. 1 (A) Platelet aggregometry using rotational thromboelastometry; (B) platelet aggregometry using Sonoclot; (C) platelet aggregometry
using thromboelastography.

Fig. 2 Color-coded graph for interpretation.

Fig. 3 Rotational thromboelastometry TEMOGRAM with decreased
fibrinogen. CT, computed tomography.

Fig. 4 Rotational thromboelastometry platelet activators and
parameters: (A) Normal platelet function test (PFT) and (B) decreased
PFT—hyperfibrinolysis.

Fig. 5 Sonoclot PFson curve decreased with thrombocytopenia.
ACT, activated coagulation time; CR, clot rate.
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used more often. Though challenging to obtain from the
market if latter are given in a timelymanner, it would nip the
problem of excessive bleeding in the ECMO and cardiac
surgical patient in the bud.

Anticoagulation on ECMO Is an Enigma

Anticoagulation on ECMO is an enigma, but the main
emphasis should at all times be on maintaining the hemo-
globin and preventing anemia.8 In ECMO and cardiac sur-
gery patients, where stakeholders are too many and margin
of error is too narrow, preventing anemia and atonicity and
being prepared for blood and factor concentrates with right
monitoring, of maintaining hemostasis, detecting hypovo-
lemia and coagulopathy are major constraints of a PBM
strategy. The three pillars of PBM involve a multimodal,
multidisciplinary approach with the aim to resuscitate
early, needs preoperative implementation. The Indian
scenario of PBM needs awareness, with recommendations
and implementation of guidelines. Improving primary
healthcare, optimizing anemia, improving blood bank
services in tier 2 and 3 cities, and implementing guidelines
on the ground in the operating room and intensive care
units are to be enacted fast with discipline and teamwork.
All this will aid to control bleeding and coagulopathy in the
cardiac surgical and ECMO patient and thus prevent a
disaster of increased morbidity and mortality!
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