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Abstract

Anemia, blood loss and transfusion related issues following cardiovascular surgery are detrimental to patient outcomes. This
document provides a concise overview of the Patient Blood Management for Cardiovascular Surgical Practice in Nepal.
The consensus aims to optimize patient outcomes and enhance the quality of care in cardiovascular surgery by emphasizing
evidence-based approaches to blood management. The document covers a range of topics, including preoperative assessment,
intraoperative strategies, and postoperative care, with a focus on minimizing unnecessary blood transfusions, promoting
hemostasis, and reducing the risk of complications. By adhering to this consensus, healthcare professionals can contribute to
improved patient safety and overall clinical effectiveness in the field of cardiovascular surgery.
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Background

Patient blood management (PBM) is a patient-centered,
multimodal and multidisciplinary approach to improve patient
outcome by reducing unnecessary transfusion of blood and blood
products. It goes beyond a conventional “Restrictive transfusion
strategy” and commences long before the need for transfusion arises
and provides comprehensive care to patients from the pre-operative
stage through the postoperative period, optimizing modifiable risk
factors that could otherwise lead to transfusion. The concept of
PBM is also applicable to non-surgical cases with potential risk
of requiring blood transfusion. The WHO published policy brief
to implement PBM in 2021 to create a sense of urgency for health
care centers throughout the world.! In 2022 European Society of
Cardiology (ESC) guidelines on cardiovascular assessment and
management of patients undergoing non-cardiac surgery states that
in patients undergoing surgery with expected blood loss of > 500mL,
use of washed cell salvage is recommended. It is also recommended
to use point-of-care (POC) diagnostics for guidance of blood

component therapy, when available.> Recently, National Institute
for Health and Care Excellence (NICE) published guidelines for
blood transfusion which have incorporated many features of the
PBM strategy including the alternatives to blood transfusion, active
measures to reduce perioperative blood loss and the appropriate
management of postoperative anemia (Table 1).> PBM focuses upon
three pillars of care: optimization of red cell mass and erythropoiesis
before operation, minimization of blood loss, and management of
postoperative anemia and optimization of patients’ tolerance to
anemia (Figure 1).

Optimizing red cell mass and

erythropoiesis

‘ Reducing perioperative blood loss

Enhancing tolerance and optimization
of transfusion

Figure 1: Three pillars of PBM
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Implementation of PBM requires multidisciplinary involvement,
and often needs an organizational change, to facilitate these
interventions. This consensus summarizes PBM and the strategies
involved in identifying and managing perioperative anemia and
blood transfusion for cardio vascular surgery.

Table 1: Summary of recommendations NICE guidelines blood

transfusion?

Alternatives to blood
transfusion for patients
having surgery

RBCs

Platelets

Fresh frozen plasma
(FFP)

* Offer oral iron in iron deficiency
before and after surgery

* Offer Tranexamic acid (TXA) in

surgery expected to have >500ml

blood loss

Consider cell salvage with TXA if

high volume blood loss expected

Consider a threshold of 7.0 g/dL
and a target of 7.0-9.0 g/dL after
transfusion when using restrictive
red blood cell transfusions

Consider single-unit red blood cell
transfusions for adults who do not
have active bleeding

In patients not bleeding or not
having an invasive procedure

or surgery: Offer prophylactic
platelets with platelet count below
10,000/mm? and who do not have:

o

Chronic bone marrow failure

o

Autoimmune thrombocytopenia
°  Heparin-induced
thrombocytopenia
Thrombotic thrombocytopenic
purpura

Do not routinely transfuse more

than a single dose of platelets

Only consider FFP with
clinically significant bleeding
if coagulation tests are
abnormal e.g., Prothrombin
time ratio, Activated partial
thromboplastin time ratio >1.5

Do not offer FFP to correct
abnormalities in coagulation in
patients who:

°  Are not bleeding (unless
having a procedure

with a risk of significant
bleeding)

Require reversal of vitamin K

antagonist

* Offer immediate PCC for the
emergency reversal of warfarin
Prothrombin complex anticoagulation in:
concentrate (PCC) ° severe bleeding or
°

head injury with suspected
intracerebral hemorrhage

Consider cryoprecipitate for
patients with clinically significant
bleeding and fibrinogen <1.5 g
litre™!

Consider prophylactic
Cryoprecipitate cryoprecipitate for patients with
fibrinogen level <1.0 g litre”! who
are having invasive procedures or
surgery with a risk of bleeding

Use 2 pools of cryoprecipitate and
reassess the clinical condition

Monitor for acute blood transfusion
reactions

Patient safet Consider using electronic
atient safe . . . :
i identification systems to improve
safety and efficiency during the

blood transfusion process

Provide verbal and written
information to patients who may
have a transfusion explaining:

°  the reason for transfusion
° the risks and benefits

° the transfusion processes
Patient information °  specific transfusion needs
alternatives to transfusion

that they are no longer eligible
to donate blood

that they are encouraged to ask

questions

Importance of PBM in cardiac surgery

PBM is crucial in cardiac surgery for following reasons:

1. Reducing Blood Transfusions: PBM aims to minimize the
need for blood transfusions, which carry inherent risks.
By implementing strategies such as preoperative anemia
management and intraoperative blood conservation techniques,
the reliance on transfusions can be decreased.*

2.  Enhancing Patient Outcomes: Lowering the use of blood
transfusions can lead to improved patient outcomes, reduced
complications, and shorter hospital stays after cardiac surgery.

3. Lowering Costs: Implementing PBM strategies can help reduce
healthcare costs associated with blood product usage, hospital
stay, and treatment of transfusion-related complications.>*

4.  Preserving Blood Supply: PBM contributes to conserving
the limited blood supply and ensures that blood products are
available for patients who truly need them, such as those with
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severe anemia or bleeding disorders. Shrinking blood donor
pools puts a strain on the blood supply system and may result
in cancellation or postponement of elective surgery in some
countries.”

5. Decreasing Risks: Blood transfusions carry potential risks,
including, but not limited to infections, allergic reactions,
transfusion-related acute lung injury (TRALI) and transfusion
associated circulatory overload (TACO). By minimizing
transfusions, these risks can be mitigated.

6. Tailoring Treatment: PBM involves personalized care for each
patient, considering their individual needs and medical history,
leading to more effective and safer treatment plans.

Overall, implementing PBM protocols in cardiac surgery can
result in improved patient safety, better clinical outcomes, reduced
healthcare costs, and a more sustainable use of blood resources.
Post implementation monitoring is also essential to apply quality
assurance measures of good benchmarking, continuous monitoring
and feedback.®

Methods

The process used to develop the consensus document involved
several steps, including participant selection, information gathering
and analysis, and criteria for making recommendations.

Participant Selection:

In April 2022, the executive committee of cardiac society of
Nepal nominated Dr Apurb Sharma as the chairman of the writing
committee for a consensus document on patient blood management
in cardiovascular surgery. Dr Sharma invited Dr Ashish Amatya
as the co-chair of the committee and selected committee members
to write the Patient Blood Management consensus document. The
meetings of the PBM task force were held online on 15th October
2022 and in-person on 2nd November 2022. The participants were
selected based on their expertise in perioperative cardiac care, anemia
management, and related fields. The task force comprised healthcare
professionals, including cardiac surgeons, anesthesiologists,
hematologists, perfusionists and other relevant specialists.

Information Gathering and Analysis:

The expert group reviewed relevant literature, guidelines, and
protocols related to patient blood management in cardiac surgical
patients. They also shared their own experiences and expertise in
managing anemia in perioperative setting the Nepalese context.
The information was gathered through literature reviews, expert
opinions, and discussions among the participants.

Criteria for Making Recommendations:

The recommendations were made based on the best available
evidence, consensus among the participants, and consideration of
the local context and more importantly resource constraints. The
criteria for making recommendations included the strength of the
evidence, the potential benefits and harms of each intervention, and
the feasibility and acceptability of the interventions in the Nepalese
context.

Recommendation of the task force:

Pre-operative strategies

Anesthesiologist, surgeon,  perfusionist, cardiologist,
hematologist and the hospital administrator must be involved in the
decision-making process for the benefit of the patient.

Following preoperative measures should be implemented:

1. Management of Anemia

In elective surgical procedure, it may be appropriate to delay
an elective procedure when there is reversible cause of anemia or
coagulopathy that can be corrected in a reasonable period of time.

According to the WHO, mild anemia is defined as Hb < 12
g/dL for women, Hb <13 g/dl for males and severe Hb < 10 g/dL
for both genders.” The treatment of preoperative anemia and iron
deficiency should commence as early as possible, ideally as soon
as the decision to undertake surgery is made. When Iron Deficiency
Anemia (IDA) is detected early, oral iron supplementation is usually
the first-line treatment. Some side effects from the use of oral iron
include nausea, constipation and vomiting.!*-!!

Adult patient planned for cardiac surgery}

High risk for blood loss Praceed with surgery
RACK Score > 22

use Table 2 for TRACK score calculation)

No

|ndept intraoperative & postoperative blood conservation and
anemia management strategies whenever appiicable

Proceed with surgery

Evaluate Iron stores
IfIron stores are normal
without Anemia

{Adopt & blood lion and
anemia management strategies whenever applicable

¥ corrected

Evaluate for Heart failure,
Vit D level, CRP, Folate deficiency

1. If Heart failure is present, give oral iron if surgery can

be delayed for 4-6 weeks or give IV iron if it cannot be
delayed

2.IFVItD is low, give supplemental Vit D and oral iron if
time permits

3.1f GRP is high, give iron supplementation +
Erythropoietin

4. I Folate deficiency Is present, give folate (note:
anemia may take longer time to corect in this case)

Iron deficiency Anemia

Give Oral Iron if surgery can be delayed for 4-6
ieeks or Intravenous Iron if urgent surgery or

oral not tolerated

Proceed with surgery and

intraoperative & postoperative blood

conservation and anemia management

strategies

Ferritin < 100 meg/L

Give Erythropoietin and

Oral Iron if surgery can be delayed for 4-6 weeks
jor Intravenous Iron if urgent surgery or oral not
tolerated

Proceed with surgery. Use intraoperative &
postoperative blood conservation and anemia
management strategies

TS > 20% and/or CKD

Evaluate for Heart failure,
Vit D level, CRP, Folate deficiency

1. If Heart failure s present, give oral iron if surgery can
be delayed for 4-6 weeks or give IV iron if it cannot be
delayed

2.1 Vit D is low, give supplemental Vit D and oral iron if
time permits

3. IT CRP is high, give iron supplementation +
Erythropoietin

4. If Folate deficiency is present, give folate (note
anemia may take longer time to correct in this case)

5. Proceed with surgery afier freatment and
postoperative surveillance

TS 20% or less

CRP = serum C-reactive protein, Hb = hemoglobin, TS = transferrin
saturation, EPO = Erythropoietin.

Figure 2: Algorithm for anemia management in the cardiac surgical
population

Iron therapy

Iron supplementation should be done in anemic iron deficient
patients scheduled for major surgery in next 4-6 weeks.'? Intravenous
iron is preferred over oral iron therapy. The dose of parenteral iron
required to achieve the target Hb is usually between 1000 - 1500 mg
and can be calculated from Ganzoni formula.'

Ganzoni formula

« Total iron dose (mg iron) = body weight (kg) x [target — initial
hemoglobin g/dL] x 2.4

« Addition of 500 mg for iron stores

With suitable dosage of parenteral iron, an increase in Hb of 1-2
g/dL in 2-4 weeks may be expected.'?
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36 Patient blood management for cardiovascular surgery: Clinical practice consensus statement

Recommendations
* Parenteral
° Intravenous iron sucrose 200 mg twice a week till the deficit
is corrected.
° Intravenous ferric carboxymaltose (FCM) 1 gm till the
deficit is corrected. It may be administered by intravenous
injection using undiluted solution up to a maximum single
dose of 1,000 mg iron (up to a maximum of 20 mg iron/
kg body weight). For doses greater than 200 and up to 500
mg iron,it should be administered at a rate of 100 mg iron/
min. For doses greater than 500 and up to 1,000 mg iron, it
should be administered over 15 minutes. Do not administer
more than 1,000 mg of iron per week.
* Oral - tablet elemental iron 60mg per oral on alternate day for
one-month in empty stomach.
* Patients taking proton pump inhibitors (PPI) should receive
iron tablets half an hour before and 4 hours after.
« If the patients do not tolerate the oral therapy, switch to
intravenous therapy.

Erythropoietin (EPO)

Erythropoietin with iron supplementation should be considered
to reduce post-operative transfusion in patients with non-iron
deficiency anemia (e.g., EPO, vitamin D or folate deficiency)
undergoing elective cardiac surgery.'*

Recommendations

* Injection Erythropoietin alfa 150 U/kg subcutaneous two days
apart and follow up after one month if the surgery can be
delayed for 4-6 weeks.

« If surgery cannot be postponed for 4-6 weeks, single dose
Erythropoietin Alfa 500U/kg with intravenous iron sucrose
200mg along with folic acid 5 mg per oral and vitamin B12 1
mg subcutaneous can be given prior to cardiac surgery.'

2. Coagulation and Antithrombotic Treatment

Thorough assessment of coagulation disorder should be done with
history and physical examination. For all elective cardiac surgery,
ticagrelor should be withdrawn preoperatively for a minimum of 3
days, clopidogrel for 5 days and prasugrel for 7 days. In patients
with warfarin therapy, bridging should be done with unfractionated
heparin or low molecular weight heparin. Laboratory and/or point-
of-care measurement of antiplatelet drug effect in patients having
received recent dual-antiplatelet therapy can be useful to assess
bleeding risk or to guide timing of surgery if available.'

3. Transfusion risk assessment for patients undergoing
cardiac surgery

Assessment of transfusion risk for patients undergoing cardiac
surgery is crucial for ensuring patient safety and improving surgical
outcomes. Clinical factors that indicate increased risk of bleeding are
prior bleeding history, anticoagulant and antiplatelet medications,
comorbidities like liver or kidney disease (Figure 3).

Low Body Surface Area
Female Gender
Advanced Age
Preoperative
Anemia
Increased risk /
of b1eed1ng
Dual
antiplatelet
therapy

Complex and/or emergency
cardiac surgery
Liver disease Impaired Kidney
function

Figure 3: Patient related factors associated with increased risk of

bleeding

(Adapted from: Meesters MI, Boer C. Definition and risk factors of bleeding.
In: Heyman CV, Boer C, editors. Patient Blood Management in Cardiac
Surgery. 1st ed. Switzerland: Springer Nature; 2019. p. 15 - 24. https://doi.
org/10.1007/978-3-030-15342-7) 7

There are several risk scores and predictive models proposed
to estimate risk of transfusion in cardiac surgery with variable
predictive power'8>. Amongst the proposed risk scores TRACK
(AUC 0.71) and TRUST (AUC 0.80) have acceptable predictive
power and can be used for assessment of transfusion risk. The
TRACK score was developed and validated in aprotinin-free
environment in contrast to TRUST.?? The clinical usefulness of the
TRACK is based on the possibility to identify patients at higher risk
for receiving transfusions, and therefore to apply possible specific
strategies to decrease this risk. However, it should be noted that
using TRACK score alone may not be sufficient to exclude risk of
perioperative transfusion.

Table 2 : TRACK Scoring System (Adapted from Ranucci et al.)?

Patient Characteristic TRACK Score (Points)

Age > 67 6
Weight < 60 Kg (female) or < )
85 Kg (male)

Female Gender 4
Complex Surgery (2 or more 7

combined cardiac procedures)

40 minus patients’ Het (%)

Hematocrit (% Hct) o o 18 arins)

Total 0-32

Note: The TRACK score is based upon 4 dichotomous scores
and 1 continuous score (e.g., a 68 - year- old patient receives 6 points
for age, whereas a 67- year- old patient receives 0 points). Patient’s
Hematocrit (Hct) score is continuous (e.g., if the patient’s Het is
29%, s/he would receive 40 - 29 = 11 points).

1. The score ranges from 0 to 32. A score of > 22 predicts high
transfusion risk

2. The higher score indicates higher risk of perioperative
transfusion.

3. Interpretation:*

° TRACK Score >22  92%
° TRACK Score<6  31% risk of receiving a transfusion
° TRACK Score 6 -22 31-92% risk of receiving a transfusion
¢ TRACK Score 0 21%

risk of receiving a transfusion

risk of receiving a transfusion

Nepalese Heart Journal 2023; Vol. 20(2), 33-41



Patient blood management for cardiovascular surgery: Clinical practice consensus statement 37

Preoperative patient blood management for cardiac surgery

* Perform lab test if expected blood loss > 500 mL or high
transfusion risk o TRACK Score > 22

* Consider intravenous iron supplementation if an absolute iron
deficiency is present irrespective of the presence of anemia.

* Consider intravenous iron supplementation in case of anemia
due to inflammatory disease and chronic heart failure.

* Consider EPO and iron supplementation in case of anemia due
to chronic renal failure

* Perform a hemostatic evaluation with history and physical
examination.

* Discontinue anticoagulant drugs.

Intraoperative strategies

A team of anesthesiologists, cardiac surgeon and perfusionist
should actively participate in the process intraoperatively. Following
strategies are recommended:

1. Antifibrinolytics

International guidelines recommend prophylactic administration
of antifibrinolytic agents in patients undergoing high-risk cardiac
surgical procedures.”’” Commonly available drug in our country is
tranexamic acid (TXA). Tranexamic acid can be given as a bolus or
infusion or both. Recommended dose of tranexamic acid varies from
10mg/kg bolus to 100mg/kg bolus.?® Also infusion dose varies from
Img/kg/hour to 5mg/kg hour.”

Recommendations

* Bolus dose of tranexamic acid of 30 to 50 mg/kg before
incision for all cardiac surgeries.

* For high bleeding risk surgeries, bolus followed by infusion of
1 to Smg/kg/hour till surgery is over.

* Infusion dose may be continued in post operative period if
required.

* Additional bolus dose of tranexamic acid (20 to 30 mg/kg) can
be given if there is ongoing medical bleed and POC viscoelastic

test report shows hyperfibrinolysis.

High bleeding risk cardiac surgeries

* Redo surgery

* Emergency surgery

* Aortic surgery

» Combined surgery (e.g., Valve plus CABG)
* Surgery with prolonged CPB time

2. Pre-operative Autologous blood donation®®3

A pre-operative autologous blood donation (PABD) is when
patient’s blood drawn or collected before a scheduled surgery so that
it can be re-transfused if needed. It can be used for patients with rare
blood groups, multiple allo-antibodies or religious objections to allo-
geneic transfusion. The time interval between first blood donation
and surgery varied between 2-4 weeks depending upon the unit of
blood to be withdrawn. Adequate time interval is crucial for the red
blood cell (RBC) regeneration of donated blood.

Pre-operative autologous blood donation (PABD)

* Blood is collected from the patient prior to the elective surgery.

* Amount: 300-450 ml can be withdrawn at a time.’!

* Frequency: 2- 4 donation with at least 1 week apart and should
be done 72 hours before surgery.*

* Consideration of the routinely iron supplement to the patient
should be done.?"3>33

* 800 ml of pre-donation of the blood seems to be sufficient to
avoid allogenic blood transfusion in cardiac surgery. Approx.

1200 ml is desirable in case of re-do cases.

3. Autologous blood transfusion

Blood is drawn or collected before or during a scheduled surgery
so that it can be transfuse back to the same person after procedure
is over. Whole Blood is collected into standard blood bag before
heparinization of the patient and the patient’s blood volume is
maintained by replacing crystalloid or colloid fluids.

Acute normovolaemic hemodilution

* Amount: approximately 15-20 ml/kg is withdrawn

* The blood is then stored in the operating theatre at room
temperature and reinfused at the end of surgery or if significant
bleeding occurs.

» Advantage: immediate postoperative transfusion of ‘fresh
whole blood’ containing platelets and clotting factors is seen as
an advantage.

* Prerequisite: pre donation Hb more than 13mg/dl

» Contraindication: unstable patients with high inotropes, critical

left main disease, severe LV dysfunction.

4. Cell salvage

In this procedure blood is collected from suctioning of
operative field, surgical drains or both and transfused back to the
patient after filtration or washing. It can be done intraoperatively
and postoperatively. The collected units of packed red blood after
washing in cell saver machine is labeled and kept with the patient
and is not refrigerated. It is transfused back to the patient in the
postoperative period within 4 hours of processing. It is widely used
in both elective and emergency surgeries with significant blood loss.
It has shown a 20% reduction in donor blood exposure.**

5. Retrograde autologous priming (RAP) of the CPB circuit.

In this 500-1000ml of blood is withdrawn from patient to prime
the CPB circuit replacing prime crystalloid fluid. It’s important
to note that the use of retrograde autologous priming may vary
depending on the specific surgical technique, patient condition, and
surgeon preference.

Type of surgery where RAP is not recommended
* Hemodynamically unstable patient

°  Severe Aortic Stenosis

¢ Cardiogenic shock
* Redo case
» Emergency cases

¢ Child below 15 kg

Nepalese Heart Journal 2023; Vol. 20(2), 33-41
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6. Miniaturized circuit.

A miniaturized circuit in cardiopulmonary bypass (CPB) refers
to a modified or scaled-down version of the traditional CPB circuit
used during cardiac surgery. The primary purpose of a miniaturized
CPB circuit is to reduce the contact between blood and foreign
surfaces, decrease the priming volume, and potentially minimize the
adverse effects associated with conventional CPB.

Recommendation
We recommended to use miniaturized CPB circuit whenever

possible.

7. Ultrafiltration using Hemo-concentrator

Ultrafiltration using hemo-concentrator is a technique commonly
employed during cardiopulmonary bypass (CPB) procedures in
cardiac surgery. It involves the removal of excess fluid, electrolytes
and inflammatory mediators from the patient’s blood. Excess fluid
can be accumulated due to the dilutional effects of the CPB circuit’s
priming solution and the inadvertent administration of intravenous
fluids. Ultrafiltration helps maintain proper blood composition and
can have various physiological benefits for the patient.

Recommendations for ultrafiltration

» Excess reservoir volume when we have more than 1 liter.

* Prolong bypass time more than 180 minutes.

* Patients undergoing cardiac surgery with acute and chronic
renal failure.

* Clinical evidence of excess body water like peripheral oedema.

8. POC hemostasis testing

Goal directed transfusion algorithms that incorporate point-of-
care testing, such as with viscoelastic devices, are recommended to
reduce periprocedural bleeding and transfusion in cardiac surgical
patients. This real-time information helps guide decisions about
blood product transfusions, clotting factor administration, and other
interventions to prevent bleeding or thrombotic complications.*

Before its institution, clinicians should be made aware of the
algorithm and its objectives during educational rounds starting
approximately 2 months before institution of the algorithm. Decisions
regarding the use of components are guided by anesthesiologist/
cardiac surgeon /physician assigned to the case in operating room /
intensive care unit.

POC should be considered in the following situations;

1. At the discretion of attending physician with presumption
of medical bleeding 10-15 minutes after giving protamine.
Thereafter the result of POC coagulation testing will be guided
by the algorithm in figure 2 and 3%

2. In complex cardiac surgery (valve-CABG, thoracic aortic
surgery, aortic dissections, especially requiring deep
hypothermic circulatory arrest), pre operative thrombocytopenia
(Platelet count<100,000/mm?), coagulopathy (PT/INR>1.5)
and CPB time more than 180 minutes at aortic decamping.

3. Inintensive care unit, at the discretion of attending physician
with presumption of the medical bleeding with the following
clinical criteria;

i.  Drop in hemoglobin

ii.  With multiple inotropes

iii. Blood loss from chest drains

iv. Radiological collection in the pleural and pericardial
cavity.

Thromboelastography and Thromboelastometry

Thromboelastography (TEG®, Haemonetics Corporation, MA,
USA) and Thromboelastometry (Rotational thromboelastometry
- ROTEM®, TEM International GmbH, Munich, Germany) are
advanced hemostatic tests that provide real-time insights into a
patient’s coagulation status. They measure the dynamics of clot
formation and dissolution, helping clinicians diagnose and manage
bleeding and clotting disorders more effectively. A composite TEG
and ROTEM figure is given below.

. K
D
IR | Tma tol
g N* TEG analysis
; \\ ROTEM analysis
s (o
CT s ’MCF 3 LI:I-/
7 C?T
time
TE
G Interpretation Direction/Products
Parameter
Reaction time Increased — FFP transfusion
R Time _ time to fibrin (10-15 mL/kg) if moderately
. prolonged and 15 — 20 mL/kg
formation o
if highly prolonged
Increased — Cryoprecipitate
Kinetics — 2 .10- 15 Units fgr moderately
. increased K time and 15-30
K Time to 20 mm of .
Amplitude Units for severely prolonged
. K time or life-threatening
bleeding
r/k slope of Decreased — Consider
tracing — cryoprecipitate but should
increase in be tailored to the patient’s
Alpha . .. .
thrombus unique clinical circumstances,
Angle L .
strength, Clinicians may consider
Fibrinogen transfusion of 1 Unit per 10 kg
concentration body weight and repeat TEG
Decreased — Check platelets
. Strength and counts and consider Platelets
Maximum - :
amplitude stability of the  transfusion 5-10mL per kg
P thrombus body weight and repeat TEG
would be reasonable approach
LY30 and
?ﬁiér?nol Consider Tranexamic acid 15-
. s Fibrinolysis 25 mg/kg single bolus dose in
sis 30 or 60 i
. addition to the local protocol
min after
MA)

If rotational thromboelastometry is available, following assays
and parameters should be used to enhance coagulation management.
These assays and parameters include:

INTEM (Intrinsically Activated Test without Heparin
Neutralization): To assess intrinsic coagulation factors, including
fibrinogen and platelet function, which play a crucial role in clot
formation.

EXTEM (Extrinsically ~Activated Test with Heparin
Neutralization): To evaluate the extrinsic coagulation pathway,
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Patient blood management for cardiovascular surgery: Clinical practice consensus statement 39

shedding light on factors like fibrinogen and platelets that influence
overall clot formation.

HEPTEM (Intrinsically =~ Activated Test with Heparin
Neutralization): Enables to monitor and adjust anticoagulation
when heparin is involved, assess heparin reversal by protamine (by
INTEM/HEPTEM CT-ratio), ensuring precise management during
surgery.

FIBTEM (Extrinsically Activated Test with Platelet Inhibition
and Heparin Neutralization): To specifically address and correct
fibrinogen deficiencies, a vital aspect of managing bleeding during
cardiac procedures.

Relevant ROTEM Parameters are: clotting time (CT), clot
formation time (CFT), alpha angle (a-angle), early clot firmness
amplitudes (A5 and A10), maximum clot firmness (MCF), and lysis
parameters (ML, LI130, LI45, and LI60) to gain a comprehensive
understanding of the patient’s coagulation profile.

We recommend using the validated A5 algorithm on ROTEM:

Diffuse bleeding after
reversal of heparin
‘with protamine

ASgx <35 mm or
CTeig> 600 s or
ML = 15% (within 60 min)

Tranexamic acid 15-25 mg/kg Body weight
as single bolus dose
(In addition to local protocol)

Protamine 0.3-0.5 mg/kg body weight

A i i
(CT after protamine >> ACT baseline T T o

TiuCTrge -1alio 21.25

Fibrinogen concentrate or Cryoprecipitate (dose
calculations refer to Table 3)
Target A5 FIB = 12mm

A5 EX<30 mm
nd

al
A5FIB<9mm

A5 gx<30 mm
A5 £/3 = 9 mm and/or suspected
Platelet dysfunction

Platelet concentrate 510 mifkg
1-2 pooled platelets or 1 apheresis platelets/20Kg

CT g4>80 sec PCC 10-15 lug:g body weight

and A5 gig =29 mm FFP 10-15 ml/kg body weight

CT jy and CT ygp >280 s€C
Consider protami d
Recheck CT after 10 mins

Yes Consider FFP 10 mUkg body weight
(If CT still prolonged at recheck)

Recheck after 10-15 minutes using new blood

Ongoing bleeding sample

Figure3. Evidence-based algorithms for ROTEM (AS5)-guided
bleeding management in cardiovascular surgery*

Table 3: FIBTEM-guided Fibrinogen Substitution

Targeted
increase in | Fibrinogen | Fibrinogen Cryoprecipitate
FIBTEM dose (mg/ concentrate (ill?k b(P; d
A5 kgbody | (ml/kg body ik ) ¥
(A10) weight) weight) &
(mm)
0.6 (1 g per
2 12.5 80 ke) 1 (5 U per 80 kg)
4 25 1.2 (2 g per 2 (10 U per 80
80 kg) kg)
1.9 (3 g per 3 (15 U per 80
6 37.5 80 ke) )
8 50 2.5 (4 g per 4 (20 U per 80
80 kg) kg)

3.1 (5 g per 5 (25 U per 80
10 62.5 80 kg) )

38 (6 gper 6 (30U per 80
12 75 80 ke) ke)

AS: amplitude of clot firmness 5 min after CT, A10: amplitude of
clot firmness 10 min after CT

Adapted from Gorlinger K et al. Korean J Anesthesiol 2019 August
72(4): 297-322%

Intraoperative patient blood management for cardiac
surgery 3¢

Optimize coagulation Maintain body
temperature > 36 C
Maintain normal pH
(7.35-7.45 )and ionized
calcium level (1.16 to
1.31 mmol/L)

Use antifibrinolytics
Avoid hemodilution,
unnecessary blood
sampling

Use Cell salvage if
available

Consider point of care
viscoelastic test.

Consider minimally
invasive extracorporeal
circuits (MiECC)
Consider autologous
priming

Consider ultrafiltration.

CPB management

Consider Minimal
invasive techniques
Consider OPCABG
over on-pump CABG in
selected cases

Avoid stagnation of
shed blood in the chest
cavity.

Surgical management

Post-operative strategies

Efforts to reduce bleeding, avoid coagulopathy and minimize
blood loss should be continued into the postoperative period as
well. Simple interventions to decrease iatrogenic blood loss reduce
the incidence of anemia like reducing the frequency and volume
of blood obtained for blood tests, particularly in the intensive care
setting, can make a significant difference. Additional methods
include a reduction in the sample volume (example using pediatric
bottles), using continuous sampling lines with smaller dead space
volumes (for arterial line samples) and evaluation of the requirement
for each blood test according to clinical need.

The surgical stress response, inflammation and infection may
precipitate functional iron deficiency in a similar manner to that of
chronic disease. Consideration of replenishing iron stores should be
made to reduce the incidence of postoperative anemia and improve
functional capacity for rehabilitation in the similar fashion as it was
done in preoperatively.

So, the postoperative strategies would be to maximize oxygen
delivery, minimize oxygen consumption, avoid and treat infections
promptly and most important is apply evidence-based transfusion
thresholds.
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Postoperative patient blood management in cardiac surgery**

* Optimize oxygen delivery.

* Reduce oxygen consumption, optimal pain control, avoid
tachycardia and hypertension.

* Continue to treat anemia.

* Consider Packed Red Blood cell transfusion only if Hb < 7 g/dl
or Het <21% in a patient with ongoing blood loss with a target
Hb of 8-9g/dL.

* Avoid unnecessary transfusion.

Clinicians may, however, consider blood transfusion in
symptomatic anemia even if the Hemoglobin is higher than 7.0gm/
dL. Symptomatic anemia is defined as the presence of at least one of
the following symptoms or signs:

. Shortness of breath at rest or with exertion

. Chest pain or angina

. Confusion or decreased level of consciousness

. Dizziness or syncope

. Tachycardia (heart rate > 100 beats per minute)

*  Hypotension (systolic blood pressure < 90 mm Hg)

Conclusions:

This consensus statement provides unified voice to guide
clinician in the implementation of patient blood management in adult
patient undergoing cardiovascular surgeries in Nepal. This consensus
summarizes PBM and the strategies involved in identifying and
managing perioperative anemia and blood transfusion for cardio
vascular surgery.

Writing committee members

Chair: Dr Apurb Sharma

Co-chair: Dr Ashish Govinda Amatya

Members: Dr Battu Kumar Shrestha, Dr Bipin Nepal, Dr Hem
Raj Paneru, Dr Amit Shrestha, Dr Ravi Baral, Dr
Arjun Gurung, Dr Nirmal Panthee, Dr Ajay Gandhi,
Dr Klaus Goerlinger, Dr Diptesh Aryal, Ms Lalita
Shakya, Dr Chandra Mani Adhikari, Dr Bishesh
Poudel, Dr Bijoy G Rajbanshi

Reviewers

Dr. Lakshman Edirisinghe
Director, Head of WHO Collaborating Center
National Blood Transfusion Service, Ministry of Health, Sri Lanka

Dr. Namal Bandara MBBS, DTM, MD (Transfusion Medicine)
Consultant Transfusion Physician, Teaching Hospital Anuradhapura,
Sri Lanka

Dr. Dhammika Senevirathne

MBBS, DTM, MD (Transfusion Medicine)

Consultant Transfusion Physician, Teaching Hospital-Anuradhapura,
Sri Lanka

Dr. Rekha Manandhar Shrestha

Senior Consultant Pathologist, National Public Health Laboratory,
Co-ordinator,

National Bureau for Blood Transfusion services, Teku, Kathmandu,
Nepal

Financial support and sponsorship
The work was supported by Cardiac Society of Nepal

Conflicts of interest
Author 9 is Associate Clinical Director, Instrumentation Laboratory
India Pvt Ltd

Author 10 is Medical Director, TEM Innovations/ PBM
Instrumentation Laboratory, Munich, Germany

Other authors have declared no conflict of interests.

References

1.

10.

11.

12.

13.

14.

World Health Organization (WHO). The Urgent Need to
Implement Patient Blood Management: Policy Brief. 2021;
ISBN 978-92-4-003574-4

2022 ESC Guidelines on cardiovascular assessment and
management of patients undergoing non-cardiac surgery:
Developed by the task force for cardiovascular assessment
and management of patients undergoing non-cardiac surgery
of the European Society of Cardiology (ESC) Endorsed by
the European Society of Anaesthesiology and Intensive Care
(ESAIC), European Heart Journal, 2022;, ehac270, https://doi.
org/10.1093/eurheartj/ehac270

NICE guidelines: blood transfusion. 2015, https://www.nice.
org.uk/guidance/ng24 (accessed 23 November 2022).

Gross I, Seifert B, Hofmann A, Spahn DR. Patient blood
management in cardiac surgery results in fewer transfusions
and better outcome. Transfusion 2015; 55:1075-81.

Mbanya D. Barriers and enablers to introducing comprehensive
patient blood management in the hospital. Biologicals 2012;
40:205-8.

Lim EA, Sohn HS, Lee H, Choi SE. Cost-utility of ferric
carboxymaltose (Ferinject®) for iron-deficiency anemia
patients with chronic heart failure in South Korea. Cost Eff
Resour Alloc 2014; 12:19.

Australian Commission on Safety and Quality in Healthcare.
The National Patient Blood Management Collaborative.
Available at: https://www.safetyandquality.gov.au/national-
priorities/pbm-collaborative/. Accessed August 16, 2016.

Hofmann A, Ozawa S, Farrugia A, Farmer SL, Shander
A. Economic considerations on transfusion medicine and
patient blood management. Best practice & research Clinical
anaesthesiology. 2013; 27(1):59-68.

Bechtel, A.J.; Huffmyer, J.L. Gender Differences in
Postoperative Outcomes After Cardiac Surgery. Anesthesiol.
Clin. 2020; 38:403-15

Camaschella C. Iron-deficiency anemia. New England journal
of medicine. 2015; 372(19):1832-43.

Avni T, Bieber A, Grossman A, Green H, Leibovici L, Gafter-
Gvili A. The safety of intravenous iron preparations: systematic
review and meta-analysis. Mayo Clin Proc 2015; 90:12-23.

Munoz M, Acheson AG, Auerbach M, Besser M, Habler
O, Kehlet H, et al. International consensus statement on the
peri-operative management of anaemia and iron deficiency.
Anaesthesia 2017; 72:233-47.

Ganzoni, A.M. Intravenous iron-dextran: Therapeutic and
experimental possibilities. Schweiz Med Wochenschr 1970;
100:301-3.

Boer C, Meesters MI, Milojevic M, Benedetto U, Bolliger D,
von Heymann C, et al. Task force on patient blood management
for adult cardiac surgery of the European Association for Cardio-
Thoracic Surgery (EACTS) and the European Association of
Cardiothoracic Anaesthesiology (EACTA) - 2017 EACTS/
EACTA Guidelines on patient blood management for adult
cardiac surgery. J Cardiothorac Vasc Anesth 2018; 32:88-120.

Nepalese Heart Journal 2023; Vol. 20(2), 33-41



Patient blood management for cardiovascular surgery: Clinical practice consensus statement 41

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Spahn DR, Schoenrath F, Spahn GH, Seifert B, Stein P,
Theusinger OM, et al. Effect of ultra-short-term treatment
of patients with iron deficiency or anaemia undergoing
cardiac surgery: A prospective randomised trial. Lancet 2019;
393:2201-12.

Valgimigli M, Bueno H, Byrme RA, Collet JP, Costa F,
Jeppsson A, et al. 2017 ESC focused update on dual antiplatelet
therapy in coronary artery disease developed in collaboration
with EACTS: The Task Force for dual antiplatelet therapy in
coronary artery disease of the European Society of Cardiology
(ESC) and of the European Association for Cardio-Thoracic
Surgery (EACTS). Eur. Heart J. 2018, 39, 213-60.

Meesters MI, Boer C. Definition and risk factors of bleeding.
In: Heyman CV, Boer C, editors. Patient Blood Management in
Cardiac Surgery. 1st ed. Switzerland: Springer Nature; 2019. p.
15-24. https://doi.org/10.1007/978-3-030-15342-7

Vuylsteke A, Pagel C, Gerrard C, Reddy B, Nashef S, Aldam
P, et al. The Papworth Bleeding Risk Score: a stratification
scheme for identifying cardiac surgery patients at risk of
excessive early postoperative bleeding. Eur J Cardiothorac
Surg. 2011;39:924-30.

Biancari F, Brascia D, Onorati F, Reichart D, Perrotti A,
Ruggieri VG, et al. Prediction of severe bleeding after coronary
surgery: the WILL-BLEED Risk Score. Thrombosis and
haemostasis 2017; 117(03):445-56.

Colson PH, Gaudard P, Fellahi JL, Bertet H, Faucanie M,
Amour J, et al and the ARCOTHOVA group. Active bleeding
after cardiac surgery: a prospective observational multicenter
study. PLoS One 2016; 11:¢0162396.

Dyke C, Aronson S, Dietrich W, Hofmann A, Karkouti K, Levi
M, et al. Universal definition of perioperative bleeding in adult
cardiac surgery. J thoracic cardiovasc surg 2014; 147(5):1458-
63.

Alghamdi AA, Davis A, Brister S, Corey P, Logan A.
Development and validation of Transfusion Risk Understanding
Scoring Tool (TRUST) to stratify cardiac surgery patients
according to their blood transfusion needs. Transfusion 2006;
46:1120-9.

Ranucci M, Castelvecchio S, Frigiola A. Predicting transfusions
in cardiac surgery: the easier, the better: the Transfusion Risk
and Clinical Knowledge score. Vox Sang 2009; 96:324-32.

Goudie R, Sterne JA, Verheyden V. Risk scores to facilitate
preoperative prediction of transfusion and large volume blood
transfusion associated with adult cardiac surgery. Br J Anaesth
2015;114:757-66.

Karkouti K, O’Farrell R, Yau TM, Beattiec WS, Reducing
Bleeding in Cardiac Surgery Research Group. Prediction of
massive blood transfusion in cardiac surgery. Can J Anaesth
2006;53:781-94.

Leff J, Romano CA, Gilbert S, Nair S. Validation study of
the transfusion risk and clinical knowledge (TRACK) tool in
cardiac surgery patients: a retrospective analysis. J Cardiothorac
Vasc Anesth 2019; 33(10):2669-75. https://doi.org/10.1053/;.
jvca.2019.05.040

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Soslau G, Horrow J, Brodsky I. Effect of tranexamic acid on
platelet ADP during extracorporeal circulation. Am J Hematol
1991; 38(2):113-9.

Grassin-Delyle S, Tremey B, Abe E, Fischler M, Alvarez JC,
Devillier P, et al. Population pharmacokinetics of tranexamic
acid in adults undergoing cardiac surgery with cardiopulmonary
bypass. Br J Anaesth 2013; 111(6):916-24.

Dowd NP, Karski JM, Cheng DC, Carroll JA, Lin Y, James
RL, et al. Pharmacokinetics of tranexamic acid during
cardiopulmonary bypass. Anesthesiology 2002; 97(2):390-9.1.

Walunj A, Babb A, Sharpe R. Autologous blood transfusion.
Continuing Education in Anaesthesia, Critical Care and Pain.
2006; 6(5):192-6. https://doi.org/10.1093/bjaceaccp/mkl042

Ltd TIS. JPAC - Transfusion Guidelines [Internet].
transfusionguidelines.org.uk. Available from: https://www.
transfusionguidelines.org/transfusion-handbook/6-alternatives-
and-adjuncts-to-blood-transfusion/6-1-autologous-blood-
transfusion-collection-and-reinfusion-of-the-patient-s-own-
red-blood-cells (accessed 23 November 2022).

Chae MS, Lee M, Choi MH, Park JU, Park M, Kim YH, et
al. Preemptive intravenous iron therapy versus autologous
whole blood therapy for early postoperative hemoglobin level
in patients undergoing bimaxillary orthognathic surgery: a
prospective randomized noninferiority trial. BMC Oral Health
2021; 21(1):16.

Okuno T, Kunisawa S, Fushimi K, Imanaka Y. Intra-operative
autologous blood donation for cardiovascular surgeries
in Japan: A retrospective cohort study. PLoS ONE 2021;
16(3):20247282. https://doi.org/10.1371/journal.pone.0247282

Halvorsen S, Mehilli J, Cassese S, Hall TS, Abdelhamid M,
Barbato E, et al and the ESC Scientific Document Group. 2022
ESC Guidelines on cardiovascular assessment and management
of patients undergoing non-cardiac surgery. Eur Heart J 2022;
43(39):3826-3924.

Gorlinger K, Pérez-Ferrer A, Dirkmann D, Saner F, Maegele M,
Calatayud AA, et al. The role of evidence-based algorithms for
rotational thromboelastometry-guided bleeding management.
Korean journal of Anesthesiology 2019; 72(4):297-322.

Rancati V, Scala E, Ltaief Z, Gunga MZ, Kirsch M, Rosner
L, et al. Challenges in Patient Blood Management for Cardiac
Surgery: A Narrative Review. Journal of Clinical Medicine
2021; 10(11):2454.

Nepalese Heart Journal 2023; Vol. 20(2), 33-41



