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ABSTRACT

The recommended treatment options for coagulation management during cardiac surgery include fibrinogen
concentrate, packed red blood cells, fresh frozen plasma, platelet concentrate (pooled donors or single donor),
cryoprecipitate, recombinant factor VIIa, tranexamic acid, epsilon aminocaproic acid, prothrombin complex
concentrate, as well as antidotes such as protamine and desmopressin. At present, only the top institutes in the
world have TEG and ROTEM testing facilities available for bleeding patients or selected patient populations
undergoing major cardiovascular surgery or liver transplantation. TEG and ROTEM should be made available
more widely (for all bleeding patients and patients at high risk of bleeding in tertiary hospitals) across India.
Inconvenience caused by planning and requesting of blood components and multiple institute-specific hindrances
delaying the availability of blood components can be resolved by having factor concentrates available and stored
in the operation theater. This approach may reduce transfusion requirements, morbidity, mortality, and healthcare
costs.

Keywords: Algorithms, Bleeding management, Cyanotic heart disease, Pediatric cardiac surgery,
Thromboelastometry, Transfusion

INTRODUCTION

The recommended treatment options for coagulation management during cardiac surgery include
fibrinogen concentrate, packed red blood cells, fresh frozen plasma (FFP), platelet concentrates
(pooled donors or single donor), cryoprecipitate, recombinant factor VlIla, tranexamic acid,
epsilon aminocaproic acid (EACA), prothrombin complex concentrate (PCC), as well as
antidotes such as protamine and desmopressin. The recommended tests for predicting/assessing
bleeding during cardiac surgery are extrinsically activated thromboelastometric test (EXTEM),
fibrin-based thromboelastometry test (FIBTEM), intrinsic thromboelastometry test (INTEM)
and heparinase assay based thromboelastometry test (HEPTEM), Kaolin-thromboelastography
(TEG), Heparinase-TEG, Rapid-TEG, and TEG-FF as well as platelet function testing such as
Multiplate, rotational thromboelastometry (ROTEM) platelet, VerifyNow, TEG platelet mapping,
as well as activated clot time (ACT) and blood gas analysis.

A pre-operative multidisciplinary bundle to discuss aspects such as invasive monitoring,
cannulation sites, management of cardiopulmonary bypass (CPB), post-bypass inotropic
support, chest closure, ventilatory support, and blood conservation management planning is
encouraged for best alignment. Pre-operatively patients at high risk of bleeding can be identified
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by checking for iron-deficiency anemia, non-iron-deficiency
anemia, fibrinogen level, and platelet function testing in
patients taking P2Y12 inhibitors or dual antiplatelet therapy.

KEY POINTS TO BE OBSERVED IN BLEEDING
PATIENTS

When excessive bleeding occurs perioperatively, the
following key points must be considered in such bleeding
management algorithms [Figure 1]:

1.

The pathophysiology of cyanotic congenital heart disease
(CCHD) and non-CCHD with its impact on hematocrit
and fibrinogen availability. Here, FIBTEM clot firmness
(A5, A10, maximum clot firmness [MCF]) better reflects
fibrinogen availability in whole blood rather than Clauss
fibrinogen plasma concentration since the plasma
volume is significantly reduced in CCHD.!"?
Pre-conditions of hemostasis must be considered
in perioperative  bleeding ~management. Here,
hypothermia (core temperature <36°C), acidosis
(pH <7.3; base excess [BE] <-6 mmol/L; Lactate >2
mmol/L), and hypocalcemia (ionized Ca** <1 mmol/L)
should be avoided and must be corrected before
hemostatic interventions aiming at increased thrombin
generation.*#

Time is life in severe bleeding! Therefore, viscoelastic
testing results must be available 10-15 min after blood
sampling to detect and specify coagulopathic bleeding in
real time. Here, early clot firmness amplitudes (A5 and
A10) are key for success.! Furthermore, interdisciplinary
communication, collaboration, and consensus are
crucial to provide the therapeutic interventions
(allogeneic  blood products, coagulation factor
concentrates, and hemostatic drugs) in a timely manner.
This is most important for blood products with a long
turn-around time, such as cryoprecipitate and platelets.
Here, thromboelastometry measurements during CPB
under full heparinization can facilitate, on the one hand
early diagnosis of coagulopathy and avoid a delay in
therapy, and, on the other hand, can avoid unnecessary
ordering of blood products and factor concentrates if
coagulopathy can be ruled out.”! Thromboelastometry
measurement under full heparinization on CPB can
be done since all thromboelastometric assays except
INTEM include a heparin inhibitor, eliminating the
effect of 5-7 U/mL unfractionated heparin (UFH).
Extrinsically activated assays (EXTEM, FIBTEM, and
APTEM) use polybrene for fast elimination of up to
5 U/mL UFH, and HEPTEM uses heparinase for the
elimination of up to 7 U/mL UFH.

Antifibrinolytic drugs (TXA or EACA) can be given
prophylactically in patients undergoing cardiac surgery
with CPB and can be topped up in case of detection of

hyperfibrinolysis by thromboelastometry.*!
Heparin-reversal by protamine should be done in
a careful way (protamine dose of 60-80% of the
primary heparin dose) since protamine overdose is
associated with significant factor V inhibition and
platelet dysfunction.”’ Furthermore, prolonged ACT
is not specific for a residual heparin effect. Protamine
overdose can prolong ACT significantly, too, but can be
differentiated from residual heparin effect by INTEM
clotting time (CT) to HEPTEM CT ratio. Notably,
the most often reason for prolonged ACT in pediatric
cardiac surgery is low fibrinogen since hemodilution
happens early in pediatric cardiac surgery due to the
small blood volume.'” Accordingly, the detection of
hypofibrinogenemia is crucial in pediatric patients
undergoing cardiac surgery.

Accordingly, detection of and differentiation between
hypofibrinogenemia and thrombocytopenia is essential
in bleeding patients undergoing cardiac surgery. Here,
several studies demonstrated that thromboelastometry
rapidly and precisely predicts hypofibrinogenemia and
thrombocytopenia during CPB in neonates, infants and
children undergoing cardiac surgery.""'? A fibrinogen
cut-off value below 150 mg/dL corresponding with
a FIBTEM A5 below 7 mm is the best predictor for
bleeding in pediatric cardiac surgery.*!'* Furthermore,
the targeted increase in FIBTEM A5 allows for a dose
calculation for fibrinogen concentrate or cryoprecipitate
[Table 1].'%1¢1 Here, fibrinogen dose calculation
is much more precise for fibrinogen concentrate
with a standardized fibrinogen concentration of
20 g/L (0.9-1.3 g fibrinogen in a 1 g vial) compared
with cryoprecipitate. Fibrinogen concentration in
cryoprecipitate depends on the donor and varies widely
between 8 and 16 g/L.1*18

Impaired thrombin generation due to coagulation factor
deficiency happens late in cardiac surgery since factor
VIII is released as a fast acute phase protein from the
endothelial cells.” Enzymatic coagulation factors that
decrease early after CPB are the coagulation factors
II, VIL, and X and belong to the vitamin K-dependent
coagulation factors produced by the liver. Since they
belong to the extrinsic pathway, a deficiency can only
be detected by viscoelastic assays, which are tissue
factor-activated, factor VII-dependent, and heparin-
insensitive.?”! This applies for EXTEM CT, only.
Kaolin R-time or INTEM CT are looking at the wrong
pathway and therefore cannot be used to detect a factor
deficiency of the extrinsic pathway. The same applies for
patients treated with vitamin K-antagonists or neonates
and children with a vitamin K deficiency. Patients with
a deficiency of vitamin K-dependent coagulation factors
or treated with vitamin K-antagonists (e.g., warfarin)
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Paediatric Cardiac A5 Algorithm
Diffuse bleeding after heparin-
reversal and blood transfusion

considered

1YES

Check and correct: Core
temperature (< 36°C), pH (<7.3), BE
(<-6 mmol/L), Lactate > 2 mmol/L,
and ionised Calcium (< 1 mmol/L)

Tranexamic acid
15 mg/kg as a single bolus

(inaddition to the local protocol)

N

Protamine

(0.3-)0.5mg/kg
(then re-check ACT and INTEM/HEPTEM CT-
ratio)

Fibrinogen concentrate or

Cryoprecipitate (dose calculation)
Target: AS¢e 210 mm

Platelet concentrate
5-10mL/kg
single donor or apheresis

PCC 10-151U/kg bw
or
FFP 10-15mL/ kg bw

FFP
10-15mL/ kg bw
(if CT still prolonged at re-check)

YES
AS5g<25mm or
ML > 15% (within 60 min)
I DONE
NO v
ACTafter Protamine >> ACTBaseIine YES
_aLd ﬁ
No |
AS5g <25 mm YES
m —
A5.,5<7 mm
NO ¢
AS5g, <25 mm and
A5;527 mm YES
or platelet dysfunction —|r——)
(ADPTEM < 35 and/or
TRAPTEM < 45 Q-min)
NO ¢
CTex>90s YES
and b
AS5;527mm
NO |
CT, and CT,;, >280s |YES
(Consider protamine overdose! >
Re-check CT after 10 min)
No |
YES
Ongoing bleeding >

Re-check after 10-15 min
using a new blood sample

Figure 1: Evidence-based thromboelastometry (ROTEM)-guided bleeding management algorithm for
pediatric cardiac surgery (Courtesy of Klaus Gorlinger, Essen, Germany). ML: Maximum lysis, FFP:
Fresh frozen plasma, PCC: Prothrombin complex concentrate, ACT: Activated clot time, TRAPTEM:
ROTEM platelet assay with thrombin receptor-activating peptide, HEPTEM: Heparinase-based
thromboelastometric assay. ADPTEM: Adenosine di-phosphate based thromboelastometric test,
ROTEM: Rotational thromboelastometry.
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Table 1: Fibrinogen dose calculation for fibrinogen concentrate and cryoprecipitate based on the targeted increase in FIBTEM clot firmness

(A5 or A10).

Targeted increase Fibrinogen dose

in ASFIB (mm) (mg/kg bw)

2 mm 12.5 mg/kg bw
4 mm 25.0 mg/kg bw
6 mm 37.5 mg/kg bw
8 mm 50.0 mg/kg bw
10 mm 62.5 mg/kg bw
12 mm 75.0 mg/kg bw

Fibrinogen concentrate Cryoprecipitate

(mL/kg bw) (mL/kg bw)
0.6 mL/kg bw 1 mL/kg bw
1.2 mL/kg bw 2 mL/kg bw
1.9 mL/kg bw 3 mL/kg bw
2.5 mL/kg bw 4 mL/kg bw
3.1 mL/kg bw 5 mL/kg bw
3.8 mL/kg bw 6 mL/kg bw

Fibrinogen dose (g) = targeted increase in A5 FIB (mm) x body weight (kg)/160. Correction factor (140-160 mm kg/g) depends on the actual plasma
volume. A5 FIB levels of 12-16 mm may compensate for low platelet count or function. A5 FIBTEM: Clot firmness amplitude 5 min after CT in mm; bw:

Body weight

can be treated with 4-factor PCC or FFP. However, the
latter bears a high risk of pulmonary complications
due to transfusion-associated circulatory overload,
transfusion-related acute lung injury, transfusion-related
immunomodulation with nosocomial infections, and
thrombosis. 22

8. Prolonged clotting times due to coagulation factor
deficiency in the intrinsic pathway are rare - except
for patients with hemophilia - and can be treated with
specific factor concentrates for hemophilia A (factor
VIII) and B (factor IX) or with plasma for other
coagulation factor deficiencies such as factor V or factor
XI. Anyway, protamine overdose should be considered
as a reason for prolonged INTEM and HEPTEM CT.®
Notably, prolonged INTEM and HEPTEM CT due
to protamine overdose disappear spontaneously after
15-20 min when additional protamine is bound by
heparinoids of the endothelial glycocalyx.

9. Hypercoagulability (EXTEM MCF >69 mm [EXTEM
A5 >49 mm] and/or FIBTEM MCF >22 mm [FIBTEM
A5 >19 mm)]) are associated with an increased risk of
thrombotic complications and should be avoided.®*
Hypercoagulability can also occur due to postoperative
acute phase reaction and may require additional
anticoagulation.

10. The results of observational and interventional studies
in pediatric cardiac surgery have been summarized in
thromboelastometry-guided  bleeding management
algorithms for this patient population [Figure 1].% They
should be adapted to the patient population, available
diagnostics and therapeutic interventions, and logistics
of each hospital. When excessive bleeding occurs in
paediatric patients viscoelastic testing by TEG, Sonoclot
or ROTEM provides leads to further transfusion.?”>!

The implementation of thromboelastometry-guided bleeding
management algorithms following these recommendations
in pediatric cardiac surgery was associated with a significant
reduction in post-CPB bleeding, transfusion requirements,

post-operative mechanical ventilation time, intensive care
unit (ICU) and hospital length of stay, and mortality in
cohort studies as well as randomized controlled trials.**3

CONCLUSION

Centers of excellence should be established under the egis of
key apex centers to facilitate the establishment of standardized
coagulation management protocols. Measures should be taken
to enhance awareness about newly available factor concentrates
among anesthesiologists and cardiac surgeons in India, as this
was not a well-clarified topic in medical graduation curriculum
leading to knowledge gaps. At present, only the top institutes
in the world have TEG and ROTEM testing facilities for
bleeding patients or selected patient populations undergoing
major cardiovascular surgery or liver transplantation. TEG
and ROTEM should be made available more widely (for all
bleeding patients or at high risk of bleeding in all tertiary
institutes) across India. Inconvenience caused due to planning
and requesting of blood components, and multiple institute-
specific hindrances delaying availability of blood components
can be resolved by having factor concentrates available
and stored in the operation theatre. If cost is an issue, cost
reallocation can be considered by reducing costs spent on
other products and rather spending/reallocating on factor
concentrate, based on cost-effectiveness, convenience, efficacy,
and improved patient safety offered by this goal-directed
bleeding management. Most important, the implementation of
thromboelastometry-guided bleeding management algorithms
in pediatric cardiac surgery was associated with a significant
reduction in bleeding, transfusion requirements, postoperative
mechanical ventilation time, ICU and hospital length of stay,
and mortality.
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