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Background: Congenital heart disease (CHD) is a disorder and abnormality of the heart or the cardiopuimonary bypass

great vessels of the thorax, which usually occurs during fetal development. It has been reported that | | coagulopathy, cardiac surgery.
CHD is a common condition. Nearly 25% of newborns with critical types of CHD require surgical
intervention in the first year of life. Hence, increasing numbers of the annually conducted
cardiopulmonary bypass (CPB) cardiac surgeries are usually associated with postoperative bleeding Received: Novemer 2, 2021
and coagulopathy. Bleeding after CPB usually requires a replacement therapy, including the Revised: December 10, 2021

transfusion of whole blood, red blood cells, coagulation factors, or platelets. Accepted: February 16, 2022

Aim: to identify the pathophysiology of coagulopathy following cardiac surgery, how it impacts Published: March, 30, 2022

the clinical outcomes, and the available management options.

Methods: In this review, we only included English articles from common electronic databases such
as PubMed /MEDLINE, Web of Science, Scopus, and the Cochrane Library with the keywords

"congenital heart disease", "cardiac surgery" combined with keywords involving "coagulopathy” The
end date for this review is February 2022.

Scientific novelty: This review aims to briefly review the problem of post-CPB bleeding in the
pediatric population regarding multiple aspects. The medical literature lacks a comprehensive review
regarding the problem of CHD, its prevalence, types, surgical options, post-cardiac surgery
complications such as coagulopathy, the pathophysiology of the coagulopathy, and the preventive
and therapeutic measures.

The practical significance of the result obtained: This review may help surgeons and
pediatricians deeply understand post-CPB coagulopathy's pathophysiology and how to anticipate,
prevent, and manage it properly. Antifibrinolytic pharmaceuticals represent the mainstay for
managing this problem; their administration during CPB reduces the risk of postoperative bleeding.
Blood component transfusion is also an alternative option.

Conclusion: Post-cardiac surgery, coagulopathy, and bleeding are major problems facing
cardiothoracic surgeons. Postoperative bleeding, especially in the pediatric population, is one of the
common causes of surgical re-exploration, leading to a higher risk of morbidities and mortalities.
Meticulous preoperative examination, investigation, and intraoperative protective measures are
important factors in avoiding and properly managing postoperative bleeding risk.

* Corresponding author: Suieubekov Bekzat

bekzat.suieubekov@gmail.com
DOI: https://doi.org/10.57125/FEM.2022.03.25.03



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.57125/FEM.2022.03.25.03

Futurity Medicine | Vol. 1, No. 1

Introduction

Congenital heart disease (CHD) is the disorder and abnormality of either the heart or the great vessels of the
thorax, which usually occurs during fetal development. CHD may be classified to cyanotic CHD or non-cyanotic CHD
according to the nature of the structural malformation. It can be further categorized into three types of lesions such
as left heart obstructive lesions, right heart obstructive lesions, and mixed lesions [1,2]. It has been reported that
CHD is a common condition affecting about 1% of all live births and approximately 40,000 newborns annually in the
United States [3]. Nearly 25% of newborns with critical types of CHD require surgical intervention in the first year of
life. In children with transposition of the great arteries, a major and complex surgical correction is mandatory in the
first week of life [4]. In spite of the great advances in the early detection programs and the rapid progress in the
surgical management of CHD. It is considered one of the leading causes of mortality among pediatrics suffering
from various congenital disorders [5].

Therefore, there are increasing numbers of the annually conducted cardiopulmonary bypass (CPB) and
extracorporeal membrane oxygenation (ECMO) supportin the various cardiac surgeries. CPB and ECMO are usually
associated with post-operative bleeding and coagulopathy, which may be attributed to decreased levels of
coagulants and as a complication from CHD. Bleeding after CPB usually requires a replacement therapy, including
the transfusion of whole blood, red blood cells, coagulation factors, or platelets [6,7].

Research Problem

There are many complications encountered during complex cardiac surgeries in children. Post-operative
coagulopathy is one of the common and serious sequences of these surgeries. Physicians cannot determine how to
prevent such complications.

Research Focus

Assessing and determining the causes, consequences, and new paradigms of coagulopathy in children
undergoing cardiac surgeries.

Research Questions

1. What are CHDs occurring in newborns?

2. Do all CHDs require cardiac surgery?

3. What are the causes and pathophysiology of coagulopathy encountered after cardiac surgeries in children?

4.  What is the proper management of post-operative bleeding and coagulopathy encountered after cardiac
surgeries in children?

Research Aim

Therefore, we performed this study to investigate the changes in coagulation profile in children undergoing
cardiac surgeries due to CHD.

Research Methodology

In our review, we only included English articles from common electronic databases such as PubMed /MEDLINE,
Web of Science, Scopus, and the Cochrane Library with the keywords "congenital heart disease" and "cardiac
surgery" combined with keywords, involving "coagulopathy" The end date for this review is February 2022. The
studies that were found using each set of keyword combinations were then pooled to create an impartial collection
of publications. Studies and/or articles that weren't subjected to peer review, as well as proposals, procedures,
reviews, letters, and opinions, were eliminated. The references include publications that were chosen because they
are related to our topic. We concentrated on providing an overview of CHDs and its surgery-related coagulopathy.

Research Results

The result of the search using our search strategy was 1482 articles. We screened these articles to choose
the articles related to our topic. We conducted a full-text screening of 173 articles after excluding the remaining
article by title and abstract screening. Finally, we used 50 articles to gather information about our topic and write this
review.

Literature review

CHD represents a wide range of cardiac malformations, from mild and simple disorders with good prognosis to
severe and complex defects requiring difficult surgical intervention with a variable prognosis. Despite the fact that
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CHD is one of the leading causes of childhood morbidity and mortality, the prevalence of CHD in adults is increasing.
Previous studies demonstrated that nearly 90% of pediatrics with CHD may survive into adulthood due to the recent
improvement in disease identification, medical, and surgical management [8,9]. It is reported that there is a
significant percentage of patients requiring at least one surgical management during their life [10,11].

Etiology

To the best of our knowledge, the cause of CHD is still unknown. However, there is evidence that it is multifactorial
occurring due to combined environmental factors and genetic predisposition [12]. Recent research found that critical
CHD may develop either isolated or as a consequence of a specific genetic syndrome. More than 20% of children
with critical CHD were found to have a specific chromosomal abnormality, such as Turner syndrome, trisomy 21, 13,
and 18. At the same time, environmental factors that showed a contributing role include maternal diabetes,
infections, phenylketonuria, or exposure to toxins. It was found that the overall incidence of CHD increases by 4% if
one parent is diseased or in cases of the second pregnancy after the first diseased child [13].

Epidemiology

Based on the recent data from the American Heart Association, tetralogy of Fallot (TOF), ventricular septal defect
(VSD), atrial septal defect (ASD), patent ductus arteriosus (PDA), aortic stenosis, coarctation of aorta, pulmonary
stenosis, and atrioventricular septal defect represent about 85% of all CHDs [14]. Critical CHDs represent about 25%
of all CHDs. TOF is the most prevalent critical CHD, while TGA is the second most prevalent critical CHD.
Cardiovascular anomalies are responsible for about 35% of children dying due to congenital disorders [13].

Patients may present with variable clinical manifestations from the first weeks of life according to the type of lesion.
However, the proper identification of the specific etiology may be difficult as other diseases, such as pulmonary
diseases, sepsis, or inborn error of metabolism may share similar manifestations. Therefore any child with suspected
CHD should perform a fetal echocardiogram and other diagnostic methods [15-17].

According to the Society of Thoracic Surgeons' database, about 28,000 cardiac surgeries are performed in
children in North America each year, while about five thousand cardiac surgeries, including three thousand CPB are
performed per year in the United Kingdom. There is a growing number of cardiosurgical procedures every year
worldwide [18,19].

Management of CHDs

The primary aim in managing children with CHDs is to stabilize the general condition and vital signs by providing
appropriate oxygen therapy and prostaglandin E1 infusion in cases of malformation affecting ducts [20]. The mild
and trivial lesions usually don't require surgical intervention. However, strict follow-up, prophylactic antibiotics, and
lifestyle modifications are required [21]. Patients could be managed with various techniques according to the type,
location, and severity of the cardiac defect. Pulmonary stenosis is the most common lesion causing right ventricular
valvular outflow obstruction representing about 9% of all CHDs [22]. Surgical intervention is required if the pressure
gradient across the pulmonary valve exceeds 50mmHg. Pulmonary valvuloplasty using a balloon is the gold standard
technique in this defect [23]. Aortic stenosis is regarded as the most common defect causing left ventricular outflow
obstruction, accounting for about 6% of all CHDs [23]. Similar to pulmonary stenosis, mild lesions could be managed
conservatively, while cases with severe symptoms and pressure gradient above 50mm Hg are candidates for surgical
intervention. The first line therapeutic option was surgical commissurotomy. However, balloon valvuloplasty
replaced it [24]. Regarding coarctation of aorta, it is a common anomaly accounting for 5% to 8% of all CHDs. Many
cases with mild or no symptoms could be treated conservatively. However, there is recommendation that urgent
intervention by balloon angioplasty and stents are required when children are stabilized [25].

CHDs often require difficult and challenging surgical procedures. For open heart surgeries to be performed
successfully, safety protocols and checklists must be followed. In order to achieve success in patients, especially
those with narrow safety margin, safe and proper CPB is essential [26]. The principle of CPB is to isolate the patient's
cardiopulmonary system, allowing better visualization of the heart and the great vessels by providing most functions
of the cardiopulmonary system, such as adding oxygen, eliminating carbon dioxide, and providing proper perfusion
to all body organs.

Coagulopathy after cardiac surgery
Impact of the problem

One of cardiac surgery's most frequent side effects is postoperative bleeding [27,28]. Following cardiac surgeries,
20% of patients experience substantial bleeding, and 5% of them need to be reoperated/reexplored [29]. The need
for re-exploration is one of the significant factors predicting the adverse outcomes following cardiac surgery. It is
associated with higher postoperative mortality, mechanical ventilation use, acute respiratory distress syndrome,
arrhythmia, sepsis, and susceptibility to surgical site infection and transfusion-related infections [29].
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Reducing the risk of postoperative bleeding is important for better clinical outcomes. Many factors influence the
incidence of bleeding and the need for re-exploration. This includes patients' age, renal function status, CPB
duration, and intracardiac repair. Surgical causes could be identified in only 50% of patients needing reoperation.
Other causes are related to certain factors during the procedure, like surgical trauma, prolonged contact between
the blood and the synthetic surface of the CBP machine, a higher dosage of heparin, and hypothermia. These factors
aggravate the dysfunction of coagulation and the inflammatory systems [29].

So, a deep understanding of the causes, pathophysiology, and factors associated with postoperative bleeding is
critical to apply the best protective measures and to help choose the suitable management approach for each case.

Pathophysiology

Many factors can explain coagulopathy following cardiac surgeries. This includes using anticoagulation for
operative preparation, inflammation, fibrinolysis, and platelet dysfunction. Additionally, the hemodilution caused by
the primer fluid of the bypass circuit, blood loss during surgery, activation of the extrinsic coagulation pathway by
the tissue factor, activation of the intrinsic system by the contact with the CPB circuits, and the remaining of the
heparin used as a part of the systemic anticoagulation preparation [30,31].

Regarding the role of inflammation, CPB extensively activates the inflammatory system. As a result, leukocytes are
activated and release their granule contents. The relationship between the activation of the coagulation system and
the inflammatory system during the CPB is complicated and not easy to understand. Since CPB causes acute phase
reactions resembling those occurring during septic conditions, this relationship may be explained on this bases
[32,33]. The marked release of the leukocytes' granules contents leads to the monocytes' activation. This, in turn,
causes tissue factor (TF) subendothelial expression generation of thrombin, which finally lead to "paradoxical”
activation of the coagulation cascade, causing its consumption and then its impairment. Tissue factor pathway
inhibitor is a crucial TF coagulant activity suppressor. (TFPI). Heparin stimulates the release of TFPI. TFPI poses highly
positive charges that strongly attract the negatively charged glycosaminoglycan, like heparin. So, post-cardiac
surgery bleeding may be caused by heparin-induced TFPI.

Physiologically, the thrombolysis process inhibits the further growth of the thrombus. The fibrinolytic system is
activated when the plasminogen is cleaved to plasmin. Fibrin stimulates the endothelial cells to synthesize the tissue
plasminogen activator (t-PA). Additionally, fibrin stimulates the urokinase plasminogen activator (u-PA) synthesis in
monocytes, macrophages, and fibroblasts. Both elements act through the extrinsic pathway that activates the
plasminogen. In addition, plasminogen can be activated through an intrinsic pathway by an active factor 12 during
the coagulation cascade [34,35]. The plasmin is an endopeptidase that splits the fibrinogen and fibrin into smaller
fragments incapable of clotting. One of these fragments is D-dimer, which is a marker for the fibrin fragmentation
process. An inhibitor of the fibrinolytic system called plasminogen activator inhibitor (PAI-1) is released after the
release of t-PA and u-PA [34,35]. It was reported that patients undergoing cardiac surgery with CPB have higher
levels of t-PA, D-dimer, and t-PA-PAI-1 complex and lower levels of PAI-1. And the levels of these components were
higher in those undergoing CPB than in those undergoing cardiothoracic surgeries without CPB [34,35]. T-PA is
released from the endothelial walls leading to external activation of the fibrinolytic system. It is important to note that
the activation of the fibrinolytic system is related to the degree of activation for the coagulation system, as the
thrombin and fibrin activates the fibrinolytic system. This was evidenced by the correlation between the thrombin
levels and the fibrinolytic markers at the end of the operation.

Moreover, inflammatory mediators like cytokines and endotoxins activate the plasminogen and its inhibitors
[34,35]. Despite the previously reported explanations, a clear relation between fibrinolysis and post-CPB bleeding
remains a query. Few studies report a correlation between fibrinolytic markers and post-CPB bleeding [34,35].

Platelet dysfunction is considered one of the major causes of bleeding following CPB, As evidenced by the
prolonged bleeding time and platelet contractile force tests after CPB. Moreover, a noticeable but brief decrease in
platelet count is noted. This may be due to hemodilution, which is not a direct cause of platelet dysfunction. CPB-
associated platelet dysfunction may be attributed to external factors. Hypothermia may impair platelet function, as
reported by many studies. In patients undergoing CPB, temperature affects the bleeding time, which reflects the
overall platelet function. Moreover, the hypothermia was linked to reduced protein C and S levels, elevated thrombin
levels, and thrombomodulin release indicating an overall coagulopathy [34,35].

Management approaches

Based on the understanding of the pathophysiology of post-CBP coagulopathy, several investigations have shown
that administering antifibrinolytic substances during CPB reduces the stimulation of the inflammatory and fibrinolytic
systems. Additionally, it reduces postoperative blood loss and the need for blood transfusion. Pharmaceutical agents
include tranexamic acid, aprotinin, and aminocaproic acid. Data from a meta-analysis found that aprotinin led to a
twofold reduction of mortality and decreased the number of patients needing a blood transfusion and re-exploration
rates without raising the possibilities of myocardial infarction [36,37]. It is noted that plasminogen and t-PA reduce
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the platelets' activity. Thrombolytic agents act through the degradation of the fibrin, von Willebrand factor, and
platelets surface glycoproteins (GPlIb and GPlIb/Illa). A similar action was noted during and after CPB, leading to
platelet dysfunction. Therefore, the fibrinolytic-induced platelet defect may be reduced by introducing
antifibrinolytic drugs like aprotinin that decrease the activation of fibrinolytic enzymes [38]. Patients undergoing CPB
who receive aprotinin therapy have normal levels of 2-antiplasmin, preserved GP1b platelet receptors, improved
platelet aggregation, and less blood loss than patients who do not receive aprotinin treatment. Similar effects are
produced by other antifibrinolytic medications like tranexamic acid and aminocaproic acid, but they are less efficient
than aprotinin against platelet dysfunction and receptors lysis [38]

Discussion

Nearly 25% of newborns with critical types of CHD require surgical intervention in the first year of life. Additionally,
in children with transposition of the great arteries, a major and complex surgical correction is mandatory in the first
week of life [4]. Therefore, there is an increasing number of CPB cardiac surgeries, which are usually associated with
postoperative bleeding and coagulopathy [6,7]. Unlike adults, the pediatric population has relatively less circulatory
blood volume [39]. So, bleeding leads to losing most of their blood components quickly, making bleeding control
more challenging. This makes post-cardiac surgery bleeding prevalent in the pediatric population and needs special
attention.

Control of the postoperative coagulopathy and bleeding following cardiac surgery is the mainstay for the success
of cardiac surgeries, reducing the incidence of re-exploration and subsequent complications. Therapeutic and
protective options are not limited to the use of the ant antifibrinolytic agents. In surgical settings, post-CPB bleeding
and coagulopathy are the most frequent causes of blood product transfusion. Replacement therapy includes the
transfusion of whole blood, red blood cells, coagulation factors, or platelets [6,7].

Other options include prothrombin complex concentrate (PCC) and plasma transfusion. In a randomized
controlled trial of 100 patients by Smith et al. [40], there was no significant difference between both treatment
options regarding postoperative bleeding and adverse effects. But, in the PCC group, fewer patients required
intraoperative blood transfusion than in the plasma transfusion group [40]. We could not find any data regarding the
coagulopathy paradigms changes after cardiac surgery in children in Kazakhstan.

Conclusions and Implications

1.  Post-cardiac surgery bleeding is one of the major problems for cardio-thoracic surgeons.
2.  Postoperative bleeding is one of the common causes of surgical re-exploration.

3. Re-exploration itself leads to a higher risk of morbidities and mortalities.

4.  Meticulous preoperative examination, investigation, and intraoperative protective measures are important
factors in preventing postoperative bleeding.

5. Antifibrinolytic pharmaceuticals represent the mainstay for managing this group of patients; their
administration during CPB reduces the risk of postoperative bleeding. Blood component transfusion is an alternative
option.
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