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ABSTRACT

Background & objective: Despite an international effort lead by the World Health Organization (WHQO) many cardiac
centers still continue the practice of empirical blood product transfusion. Current guidelines and published evidence
strongly support the use of transfusion algorithms that are guided by point-of-care coagulation testing. The aim of
this study is to determine the proportion of patients with normal coagulation parameters who still received empirical
blood products during cardiac surgery. Secondary end point is the occurrence of transfusion-related adverse events.

Methodology: This is a retrospective observational study of 100 pediatric patients scheduled for cardiac surgery. As
part of the rotational thromboelastometry (ROTEM) introduction to the operating theatre, two ROTEM samples
were collected, before and after blood products. The empirical blood products practice continued as usual and did
not change based on those ROTEM samples.

Results:_Among patients who received empirical blood products, 16% had normal fibrinogen levels (did not need
Cryoprecipitates), 24% had normal clotting factors (did not need fresh frozen plasma) and 60% had normal platelets
assessment. No significant adverse events attributable to blood products were observed.

Conclusion A proportion of pediatric patients had normal coagulation parameters prior to the administration of
empirical blood products. The study highlights the value of viscoelastic point-of-care testing to avoid unnecessary
transfusion during cardiac surgery. It underscores the urgent need to transition institutional practice towards
algorithm-based approach and appropriate use of blood components.

Abbreviations: FFP: Fresh frozen plasma. ROTEM: rotational thromboelastometry, WHO: World Health Organization,
TACO: Transfusion-associated circulatory overload, TRALI: Transfusion-related lung injury

Keywords:_Blood coagulation; Cardiac surgery; Cardiopulmonary bypass; Fresh frozen plasma; Point of care; :
Rotational thromboelastometry.
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1. INTRODUCTION

“The first step in successful institutional change is
establishing a sense of urgency, this awareness of a crisis
is important to motivate individuals”, wrote Harvard
professor John Kotter in his 1995 article “ Leading
change, why transformation efforts fail”.! Despite the
international effort led by the World Health Organization
(WHO) to spread the culture of patient blood
management,> many cardiac centers continue long-
standing practice of empirical transfusion of blood
products.

Although evidence supports the use of transfusion
algorithms guided by point-of-care coagulation testing,*
5 and despite numerous publications describing the
transfusion-related adverse outcome in cardiac surgery,®
10 the actual change of institutional culture needs both
time and effort.

As our centre prepared to introduce algorithm-based
transfusion practice, we collected coagulation data using
point-of-care testing (Rotational thromboelastometry

ROTEM®, Tem International GmbH) while the existing
empirical practice were still going. The aim of this study
is to determine the proportion of patients with normal
coagulation parameters who still received empirical
blood products during cardiac surgery.

2. METHODOLOGY

This is a retrospective observational study of patients
scheduled for cardiac surgery. The study was approved
by the institutional review board (No. 1690), which
granted a waiver of written inform consent due to the
strict observational design of this study. Data from 100
pediatric patients who underwent cardiac surgery over
six months period (corresponding to the initial
availabilty of ROTEM in the operating theatre) were
analyzed. Inclusion criteria were any pediatric patient
undergoing cardiac surgery who received empirical
blood products after cardiopulmonary bypass weaning.
Exclusion criteria were patients with pre-existing
coagulopathy including renal and hepatic dysfunction,
patients on anticoagulants or antiplatelets, off-pump
cardiac surgery and patients receiving blood products
before starting the cardiopulmonary bypass.

ROTEM measurements

With the initial introduction of ROTEM in theatre, the
usual practice of empirical blood products during cardiac
surgery continued unchanged. As part of the initiation
phase, two ROTEM samples were collected:

1. Immediately after protamine administration (before
blood products),and
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2. After administration of empirical blood products.

The following ROTEM parameters were recorded:
INTEM CT, HEPTEM CT, INTEM CT/HEPTEM CT
ratio, FITEM A5, EXTEM A5 and EXTEM CT.
Abnormal parameters were identified according to a
published ROTEM algorithm.4

According to the existing practice, all patients had a
routine order of 10 ml/kg of FFP, 10 ml/kg of Platelets
and 5 ml/kg of Cryoprecipitates on admission to
operating room. Blood products are then transfused after
weaning.

A second set of blood products may be ordered and
transfused if there is diffuse bleeding based on the
surgical team assessment. This empirical practice did not
change based on the ROTEM samples, throughout the
study period.

Adverse events attributable to blood product transfusion
were recorded, this included: Transfusion reaction,
Transfusion-associated circulatory overload (TACO),
Transfusion-related lung injury (TRALI) and venous
thrombosis.

The primary endpoint is the percentage of patients with
normal coagulation even before the empirical blood
products transfusion, based on the first ROTEM sample.
Secondary endpoint was the incidence of adverse events
related to blood product transfusion.

Statistical analysis

Data were coded and entered using the statistical
package for the Social Sciences (SPSS) version 28 (IBM
Corp., Armonk, NY, USA). Data was summarized using
median and interquartile range. Data was double checked
for normality using normality plots and Shapiro Wilk test
and proved to be deviated from normal distribution. For
comparison of paired measurements (before and after)
within each patient, the non-parametric Wilcoxon signed
rank test was used. P-values less than 0.05 were
considered as statistically significant. The sample size
was calculated based on previously published data by
Ichikawa et al. (2018) they found an incidence of normal
ROTEM parameters for FFP after CPB of 43%,
accordingly a calculated sample of 95 patients is needed
with a confidence interval of 95% and a precision of +
10%.%

3. RESULTS

Data collected from 100 pediatric cardiac surgery
patients were analysed. Demographic and perioperative
data are presented in (Table 1).

The comparison between ROTEM values before and
after empiric products is presented in (Table 2), a
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Table 1: Demographic and perioperative data.

Age 5 (3,10) months
Weight (Kg) 10.3+4
Bypass time (minutes) 187 + 93
Clamp time (minutes) 83 +57
Heparin/Protamine ratio 0.88+0.12
Volume of FFP (ml) 176 + 226
Volume of Platelets (ml) 76 £ 65
Volume of Cryoprecipitate (ml) | 23.3 £20.5
Transfusion reaction 0

TACO 0

TRALI 0
Thrombosis (CVA, arterial or 2 (2%)
venous thrombosis)

PRCs due to associated 15 (15%)
hemodilution

Abbreviations: FFP: Fresh frozen plasma. TACO: TRALI:
CVA: PRCs: Data presented as median (Q1,Q3) , mean +
standard deviation or number (percentage). n = 100

clinically significant improvement in all parameters can
be observed, except for INTEM CT/HEPTEM CT ratio,
which remained unchanged before and after products.
The percentage of patients with normal coagulation in
pre-transfusion ROTEM samples are shown in (Figure
1). 16% had normal fibrinogen levels (did not need
Cryoprecipitates), 24% had normal clotting factors (did
not need fresh frozen plasma) and 60% had normal
platelets assessment. No significant adverse events
attributable to blood product transfusion were reported.

4. DISCUSSION

In this retrospective study, the authors found a high
percentage of patients with normal ROTEM parameters
prior to receiving empirical blood product transfusion.

thromboelastometry guided transfusion

As expected, there was a numerical improvement in most
of the coagulation parameters observed after empirical
treatment. The prevalence of normal pre-transfusion
ROTEM parameters varied according to the specific
coagulation factor observed.

Implementing evidence-based transfusion guidelines
comes in the heart of patient blood management (PBM)
polices.2 One of the pillars PBM is to minimize blood
loss and optimize coagulation. The world Health
Organization (WHO) has issued a policy brief in 2021
“The urgent need to implement patient blood
management”.> The brief describes an urgent need to
adopt of PBM as a standard of care. Intraoperative point-
of-care coagulation testing was described as an
important component in a PBM programmes and can
reduce unnecessary transfusions and enhance recovery
after cardiac surgery.*?'®> One of the main barriers
against implementation of PBM policies is the
established culture within an institution.'> Our center,
and probably many other centers, use of empirical blood
product transfusion in cardiac surgery continued for
decades. A switch to algorithm-based transfusion
practice needs to bring different stakeholders on board.
The results of the current study will be used to highlight
the urgent need for change within the institution.

Among the study group, we found the main deficient
clotting parameter was Fibrinogen. Depletion of
fibrinogen in pediatric cardiac surgery is well known.®-
18 In a retrospective study, Lindhart et al. (2022) recorded
thromboelsatography (TEG) parameters in pediatric
patients at the end of CPB and found that 84% of study
population have low TEG parameters for fibrinogen, this
matches our findings using ROTEM.Y Gautam et al
[2017] demonstrated a drop of fibrinogen plasma level
in pediatric population from (241+ 68 mg/dl) before
bypass to (176+ 51 mg/dl) after bypass, demonstrating
the magnitude of the issue, and the value of point-of-care
testing to monitor such deficiency.® The results did not
reveal adverse events related to blood product
transfusion, however, a group of patients (15%) received
PRCs due to the hemodilution after blood products. This
was reported by previous metanalysis, comparing FFP

‘Table 2: ROTEM parameters before and after blood products transfusion (n=100) ‘

e e e et e

CT INTEM 697.50 |496.00 1069.00 314.00 253.00 353.00 <0.001

CT HEPTEM 616.00 |404.00 1004.00 315.00 247.00 352.00 <0.001

CT INT/ CT HEP 1.04 1.00 1.08 1.00 0.92 1.02 0.078

A5 FIBTEM 5.00 3.00 10.00 13.00 10.00 15.00 <0.001

A5 EXTEM 27.00 23.00 40.00 41.00 37.00 45.00 <0.001

CT EXTEM 99.00 94.00 117.00 76.00 70.00 90.00 <0.001
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Figure 1: Normal ROTEM before blood products

group vs non-FFP group, with a tendency for more blood
transfusion in the FFP group (odds ratio of 2.57).%

5. LIMITATIONS

This study has several limitations. First, the small sample
size, as the study was mainly designed to initiate change
of culture in the institution. Second, the retrospective
design. Additionally, ROTEM lacks the ability of
platelet function mapping, which would have
demonstrated more need for platelet transfusion in our
cohort.

6. CONCLUSION

A proportion of pediatric patients had normal
coagulation parameters prior to the administration of
empirical blood products. The study highlights the value
of viscoelastic point-of-care testing to avoid unnecessary
transfusion during cardiac surgery. It underscores the
urgent need to transition institutional practice towards
algorithm-based approach and appropriate use of blood
components.
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