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Introduction 
     Bleeding after cardiac surgery is a well-known serious complication. Cardiac surgical patients are 

particularly susceptible to postoperative mediastinal bleeding. Postoperative bleeding gradually tapers over 

the course of several hours in the majority of patients, but about 1–3% of patients will require re-exploration 

in the operating room for persistent mediastinal bleeding. Prompt and aggressive treatment upon arrival in the 

ICU may frequently arrest “medical bleeding,” but evidence of persistent or increasing amounts of bleeding 

should prompt early exploration [1]. 

Excessive postoperative bleeding needs to be treated in a timely fashion, using allogeneic blood transfusion, 

pharmacological hemostatic agents, or thoracic re-exploration if indicated. Any of these interventions 

performed to mitigate the harms of bleeding is associated with a worse clinical outcome, even increasing 

postoperative thrombotic complications[2]. 

It would be ideal for the cause of perioperative coagulopathy to be diagnosed quickly and the most appropriate 

intervention chosen to fix the problem. However, coagulopathy after cardiac surgery commonly is 

multifactorial, and the etiology of bleeding is often difficult to determine. If diagnosed quickly, surgical bleeding 

is a correctable cause of postoperative bleeding [3]. 
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In this issue of the Journal of Cardiothoracic and Vascular Anesthesia, Biancari et al. performed a meta-analysis 

of 18 studies that included more than 50,000 patients, focusing on the sources of bleeding in cardiac surgical 

patients. Surprisingly, they reported that a surgical source of bleeding was found in roughly two-thirds of 

patients due to bleeding or pericardial tamponade. Furthermore, in-hospital and 30-day mortalities in re-

explored patients with a coagulopathic bleeding were worse than in those patients in whom a surgical bleeding 

source was found [4]. 

Re-exploration for bleeding is associated with prolonged hospital stay and increased complications e.g. sternal 

wound infection (SWI), renal impairment, and postoperative arrhythmias. Every effort should be exerted to 

avoid postoperative bleeding and to manage it properly if happens. Variability of perioperative blood loss and 

rate of re-exploration among centers and surgeons were reported Morbidity and mortality after cardiac 

surgery can be caused by excessive bleeding which is common and preventable cause[5].  

The main causes of excess bleeding after cardiac operation using cardiopulmonary bypass (CBP) is categorized 

to surgical or medical reasons. Understanding the main risk factors associated with bleeding could help reduce 

the incidence of this complication[6].  

CPB causes qualitative and quantitative platelet dysfunction. The concentration of pro-coagulants decreases 

due to haemodilution. Inflammatory, coagulation, complement and fibrinolytic pathways are activated. 

Thromboelastography can help in knowing the cause of bleeding diathesis. Bleeding is greater with prolonged 

bypass time, redo-surgery and preoperative use of anticoagulants[7].  

Studies have shown decreased blood loss and transfusion requirement in cardiac surgery patients with 

prophylactic anti-fibrinolytics. Effective fibrinolysis inhibition requires a loading dose of 10 mg/kg for 

tranexamic acid (TA) followed by 1 mg/kg/h or 50 mg/kg of epsilon-aminocaproic acid followed by infusion of 

25 mg/kg/h. High doses of TA may increase the risk of seizures (~5%–7%)[8]. 

Post-operative transfusion increases mortality after the administration of 4-6 red blood cell packets (Hazard 

Ratio (HR) 2.01, 95% CI 1.06-3.80) and after the administration of more than 7 red blood cell packets (HR 5.22, 

95% CI 2.78-9.79). The incidence of bleeding more than usual is reported to range from 3.6% in coronary 

bypass to 52.9% in more complex surgeries and is a predictor of adverse events[9]. 

The risk of re-exploration for bleeding has been associated with various patient-related and intraoperative 

factors, such as advanced age, small body surface area, renal insufficiency, type and extent of procedure, greater 

number of distal anastomoses, emergency status and preoperative exposure to platelet inhibitors [10]. 

Excessive bleeding and re-exploration have been linked to a substantially increased incidence of postoperative 

complications including myocardial infarction (MI), acute kidney injury (AKI), stroke, infections (including 

deep sternal wound infection), transfusion-related events and increased length of hospital stay and hospital 

costs. Correspondingly, numerous studies have shown a strong association between re-exploration for 

bleeding and early mortality, with a reported two- to six-fold increased risk of death in the early (within 30 

days) postoperative period [11]. 

In addition, re-exploration after cardiac surgery increases the risk of mediastinitis, which has an adverse 

impact on outcome, hospital stay and costs. For these reasons, re-exploration is considered an important 

outcome parameter for all projects aiming at quality improvement in cardiac surgery. ‘Meetbaar Beter’ 

(English: Measurably Better) is a Dutch foundation, initiated to facilitate quality improvement by publishing 

patient-relevant outcome measures of heart centres in the Netherlands[12].  

Implementing the principles of the value-based health care (VBHC) theory of Porter, ‘Meetbaar Beter’ promotes 

transparent reporting of results of care and sharing the processes leading to these results. Patient-relevant 

outcome measures are selected for different medical conditions, including coronary artery disease. The 

outcome measure hierarchy is used as a framework for the selection of a range of both short- and long-term 

outcome measures that are relevant to patients. The sets of outcome measures are aligned with the indicator 

sets of the International Consortium for Health Outcomes Measurement [13]. 
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Re-exploration after Cardiac surgery is selected by ‘Meetbaar Beter’ as one of the most relevant outcome 

measures for patients undergoing Cardiac surgery. Earlier data of ‘Meetbaar Beter’, published in 2014, showed 

a relatively high incidence of re-exploration in the Catharina Hospital (9% for all cardiac procedures) [14]. 

Internal analyses did not lead to relevant hypothesis in order to improve the results, as there were no obvious 

patterns found in the data. As shown in earlier studies, postoperative bleeding was the most common cause of 

re-exploration. In 2013, Loor et al. described a policy to minimize the technical causes for re-exploration for 

bleeding. This was achieved through the implementation of a checklist. This ‘Cleveland Clinic reoperation for 

bleeding checklist’ was also presented at the ‘Meetbaar Beter’ symposium in 2014 [15]. 

Subsequently, Elassal et al reported that low rate of re-exploration for bleeding can be achieved by strict 

preoperative preparation, intraoperative checklist for hemostasis implemented by senior surgeons and 

adopting an algorithm for management [1]. 

Although there are many strategies employed with the aim of reducing postoperative bleeding after cardiac 

surgery, such as intraoperative haemostasis checklists and point of care monitoring of coagulation status, 

bleeding remains an important complication. Significant postoperative bleeding is associated with re-

exploration and blood transfusion, both associated with inferior outcomes [16]. 

A recent review concluded that patients who bleed significantly and undergo re-exploration have increased 

mortality and experience greater morbidity. Similarly, studies have demonstrated an association between 

blood transfusion and increases in short- and long-term mortality, with a correlation between the amount of 

blood transfused and morbidity[17]. 

These studies have driven a shift from more liberal use of blood products to a more restrictive and goal-directed 

approach. There is also evidence that bleeding itself is harmful, independently of re-exploration and significant 

blood transfusion, with studies demonstrating association with increased postoperative mortality risk [18]. 

Bleeding and Surgical Re-exploration  

Cardiac surgery is a generic term for various types of major surgery performed on the heart and great vessels, 

usually performed on cardiopulmonary bypass with full systemic anticoagulation. CPB has detrimental effects 

on hemostasis, resulting in dilution and consumption of clotting factors, platelets activation and 

hyperfibrinolysis that persist after reversal of the heparin effect by protamine [6]. 

The risk of significant blood loss and subsequent allogenic transfusion is therefore higher than for other types 

of surgery. Expected and unexpected bleeding occur frequently in patients undergoing cardiac surgery; cardiac 

surgery patients use 10% to 25% of the blood products transfused annually in the United States[19].  

Although unexpected bleeding after this surgery is common, reducing this bleeding is a desirable clinical goal, 

because such bleeding is associated with adverse outcomes. Unlike other settings, however, overly aggressive 

treatment of bleeding is also likely to be associated with adverse outcomes, because induction of a 

hypercoagulable state might be associated with early graft failure [20].  

Bleeding and surgical re-exploration are both independent predictors of an adverse outcome. Bleeding after 

cardiac surgery can be broadly divided into two groups: surgical (unrecognized bleeding vessel, anastomosis, 

or other suture line) or nonsurgical bleeding (caused by coagulopathy). Factors influencing both surgical and 

nonsurgical bleeding can be further broken down into those occurring preoperatively and those that occur 

intraoperatively and postoperatively [21]. 

Bleeding definitions 

A variety of definitions of excessive bleeding in the postoperative cardiac surgery patient have been proposed 

(Table 1). Using these definitions, excessive bleeding occurs in about 5% of cases. Patients with significant 

bleeding often require reoperation; rates of reoperation for bleeding vary between 3% and 14%; a surgically 

correctable source of bleeding is found in 50% to 67% of patients [22]. 

According to the severity of bleeding, the universal definition of perioperative bleeding in adult cardiac surgery 

was proposed [23]. 

It included five classes [23]: 

1. Class 0, insignificant (<600 mL);  
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2. Class 1, mild (601–800 mL);  

3. Class 2, moderate (801–1000 mL);  

4. Class 3, severe (1001–2000 mL); and  

5. Class 4, massive (>2000 mL) within the first 12 h. 

Common definitions of excessive and critical bleeding post–cardiac surgery are represented in Table 1. 

 

 

 

Table (1): Common definitions of excessive and critical bleeding post–cardiac surgery [24]. 

Excessive bleeding • Greater than 1L per procedure  

• At least 5 units of red blood cells within 24 h  

• Greater than 10 units of red blood cells per procedure 

• Greater than 100 mL of sanguineous drainage per hour 

Critical bleeding—re-

exploration 

 

• 500 mL of sanguineous drainage in first hour 

• 400 mL per hour for 2 h 

• 300 mL per hour for 3 h 

• 200 mL per hour for 6 h  

 

Mechanisms of bleeding  

➢ Preoperative risk factors  

• Pharmacologic agents  

Emergency cardiac surgery after thrombolysis or percutaneous coronary interventions requires surgery in 

patients who have received one or more of a variety of antithrombotic or thrombolytic agents. Perhaps the 

most common drug used in patients likely to come to cardiac surgery is acetylsalicylic acid. Despite its clear 

antiplatelet activity, the impact of acetylsalicylic acid on bleeding in cardiac surgery is unclear; for example, 

although it has been demonstrated that the bleeding time is increased in patients not having stopped 

acetylsalicylic acid within 7 days of surgery, two papers suggest that this infrequently translates into increased 

blood loss [25].  

Preoperative acetylsalicylic acid predicted increased postoperative bleeding. In the absence of clear guidance, 

most centers discontinue acetylsalicylic acid 5 to 7 days before surgery. An increased number of patients come 

to cardiac surgery on a combination of antiplatelet drugs. The addition of clopidogrel to acetylsalicylic acid 

increases postoperative hemorrhage. Also, Acetylsalicylic acid and clopidogrel increased postoperative 

bleeding sevenfold. These observations suggest that discontinuing all antiplatelet therapy 1 week before 

surgery may be prudent. Although many patients take warfarin, guidance about optimal preoperative warfarin 

dosing is sparse[26].  

A preoperative international normalized ratio (INR) of greater than 1.7 was reported as a risk factor for 

bleeding. Most clinicians withhold warfarin for about 5 days before surgery, and an INR of 1.5 or less is widely 

espoused as a safe threshold for surgery. Further discussion on preoperative anticoagulants and 

antithrombotics and their reversal appears later[27]. 

• Inherited disorders of coagulation  

Patients with inherited disorders of coagulation (eg, von Willebrand’s disease and hemophilia) have an 

enhanced risk for bleeding[28].  

• Acquired coagulopathies  

A variety of acquired coagulopathies may afflict patients undergoing cardiac surgery. Table 2 summarizes 

medical conditions of particular relevance. One particular type of acquired bleeding disorder relevant to 

patients with cardiac disease is an acquired deficiency of the high-molecular-weight multimers of von 

Willebrand’s factor. This deficiency seems to develop in patients with congenital heart defects or aortic stenosis 
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and is associated with increased risk of gastrointestinal bleeding. Patients with this disorder are effectively 

treated with surgical correction of their cardiac disease [29]. 

 

 

 

 

 

 

 

 

 

Table (2): Medical conditions contributing to postoperative hemorrhage[24]. 

Medical condition  Pathophysiology 

End-stage renal disease and 

uremia  

Platelet dysfunction 

Hepatic disease  Coagulation factor deficiency or failure to clear profibrinolytic 

factors 

Malabsorption Vitamin K deficiency with consequent coagulation factor 

deficiency 

Systemic lupus 

erythematosum 

• Thrombocytopenia 

• Medication-induced platelet dysfunction secondary 

to lupus antibodies 

• Prothrombin deficiency secondary to lupus-type 

inhibitor 

Amyloidosis • Capillary fragility secondary to amyloid infiltration 

• Factor X deficiency secondary to absorption by 

amyloid 

Malignancy • Platelet deficiency secondary to chemotherapy or 

bone marrow infiltration. 

• disseminated intravascular coagulation 

➢ Intraoperative and postoperative factors 

Mediastinal bleeding is somewhat arbitrarily categorized as surgical or medical in nature. Significant bleeding 

after uneventful surgery is usually surgical in nature, especially when initial coagulation studies are fairly 

normal. However, persistent bleeding depletes coagulation factors and platelets causing a coagulopathy that is 

self-perpetuating[4].  

In contrast, bleeding that is noted after complex operations with long durations of CPB is frequently associated 

with abnormal coagulation studies and is considered medical in nature. However, even after correction of 

coagulation abnormalities, discrete bleeding sites may be present that will not stop without re-exploration. 

Thus, the initial approach to bleeding is to try to ascertain any contributing factors that can account for the 

degree of bleeding and then take the appropriate steps to correct them[6].  

1. Surgical bleeding is usually related to: [30] 

• Anastomotic sites (suture lines)  

• Side branches of arterial or venous conduits  

• Substernal soft tissues, sternal suture sites, bone marrow, periosteum  

• Raw surfaces caused by previous surgery, pericarditis, or radiation therapy 

2. Anticoagulant effect related to heparin 

Residual heparin 
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Residual heparin effect may result from inadequate neutralization with protamine. Administering fully 

heparinized “pump” blood as the protamine infusion is being completed may reintroduce unneutralized 

heparin into the blood. Similarly, residual heparin in cell saver blood given after protamine administration may 

reintroduce unreversed heparin[31]. 

Heparin rebound  

Large heparin doses are administered before and during CPB. To prevent thrombosis of the extracorporeal 

circuit sufficient heparin is given to maintain an activated clotting time (ACT) greater than 250 seconds. After 

completion of CPB and on achieving surgical hemostasis, protamine sulfate is usually administered to 

neutralize remaining heparin. Protamine doses are not standardized. The effective half-life of protamine is less 

than that of heparin when given in doses appropriate for CPB; rebound heparin activity (manifest by 

reappearance of a prolonged ACT sometime after protamine administration) is commonly observed and has 

been shown to be a cause of postoperative bleeding [32]. 

 Re-emergence of heparin effect requires additional doses of protamine if the anticoagulant effect is believed 

to be clinically significant; care should be exercised in administering protamine because large doses have been 

associated with an anticoagulant effect, although the clinical significance of this observation has been 

questioned. Additional doses are generally safe given the first administration was uneventful. Potential side 

effects of protamine include hypotension, anaphylactoid reactions, and pulmonary vasoconstriction[33]. 

3. Platelets  

CPB decreases both the number and function of platelets. The average decline in the platelet count during CPB 

is about 50%. Additionally, within minutes of the initiation of CPB the bleeding time increases independent of 

platelet number [34]. 

Quantitative platelet defects [35]. 

• Preoperative thrombocytopenia may result from use of heparin, in which case testing for heparin 

antibodies is essential to rule out heparin-induced thrombocytopenia. Drug reactions (especially to 

antibiotics) and hypersplenism in patients with liver disease may be causative. Occasionally, mild 

thrombocytopenia is present for no identifiable reason.  

• Hemodilution on CPB and consumption in the extracorporeal circuit reduce the platelet count by about 

30–50%; thrombocytopenia will be progressive as the duration of CPB lengthens.  

• Protamine administration transiently reduces the platelet count by about 30%.  

Qualitative platelet defects [36]. 

Qualitative platelet defects are a major concern with the liberal use of antiplatelet agents in patients with acute 

coronary syndromes.  

• Preoperative platelet dysfunction may result from antiplatelet medications (aspirin, clopidogrel), 

glycoprotein IIb/IIIa inhibitors (abciximab, tirofiban, eptifibatide), herbal medications and vitamins 

(fish oils, ginkgo products, vitamin E), or uremia.  

• Exposure of platelets to the CPB circuit with α-granule release and alteration of platelet membrane 

receptors impairs platelet function. The degree of platelet dysfunction correlates with the duration of 

CPB and the degree of hypothermia after bypass. 

4. Coagulation Factors 

With initiation of CPB a predictable fall in the levels of coagulation factors II, V, VII, IX, X, XIII is observed, likely 

as a result of unavoidable hemodilution. Von Willebrand’s factor levels also fall on CPB; however, this process 

is unrelated to hemodilution [37]. 

The impact of these falls in the levels of coagulation factor is unknown. It is currently held that the levels remain 

within those generally believed to be adequate for hemostasis. Vetri et al. (2020) reported that Factor V 

Deficiency was associated with Bleeding and can be a significant cause for Bleeding after Cardiac Surgery [38]. 

5. Thrombin and fibrinolysis  



Page 941 of 15 

Ahmed Hassan / Afr.J.Bio.Sc. 6(2) (2024)  
 

 
 

Patients undergoing CPB have evidence of enhanced fibrinolysis. Enhanced fibrinolysis is likely caused by 

release of tissue plasminogen activator as a result of endothelial activation. The coupling of enhanced 

fibrinolysis with diffuse activation of coagulation leads to the generation of high levels of markers of fibrinolytic 

activity (eg, D-dimer). The high levels of products of fibrinolysis derived from both endovascular and 

extravascular sources may compromise hemostasis, a process that is worsened by longer duration of CPB [39]. 

Predictor models of bleeding  

Excessive bleeding is associated with adverse outcomes. Predicting which patients have an increased bleeding 

tendency allows for implementation of additional measures. Risk factors for postoperative hemorrhage have 

been explored by several groups. Factors that have demonstrated consistency within these studies are as 

follows: [24] 

• Increased age  

• Nonelective surgery  

• Low body surface area  

• Prolonged CPB time (> 150 minutes)  

• Combined intracardiac and bypass surgery  

• Number of bypass grafts (≥ 5)  

• Reoperative surgery  

• Preoperative antiplatelet agents. 

Prevention of Perioperative Bleeding  

A. Preoperative assessment of the patient’s coagulation system  

Preoperative assessment of the patient’s coagulation system should entail measurement of a prothrombin time 

(PT), partial thromboplastin time (PTT), and platelet count. Any abnormality should be investigated and 

corrected, if possible, prior to surgery [40]. 

B. Heparin-induced thrombocytopenia (HIT) 

Heparin-induced thrombocytopenia (HIT) may develop in patients receiving intravenous heparin for several 

days before surgery. Thus, it is very important to recheck the platelet count on a daily basis in these patients. If 

the patient develops thrombocytopenia and has confirmation of heparin antibodies by serologic testing or a 

serotonin release assay, an alternative means of anticoagulation will be necessary [41]. 

C. Medications with antiplatelet or anticoagulant effects 

Cessation of medications with antiplatelet or anticoagulant effects is essential to allow their effects to dissipate 

in order to minimize blood loss. Specific recommendations are as follows: [42] 

1. Warfarin  

Warfarin should be stopped 4 days before surgery to allow for resynthesis of vitamin K–dependent clotting 

factors and normalization of the international normalized ratio (INR).26 If interim anticoagulation is required, 

heparin is substituted. If the patient requires urgent surgery, vitamin K should be given (two doses of 5 mg IV 

should suffice) to normalize the INR. If emergency surgery is indicated, fresh frozen plasma (FFP) may be 

necessary[43]. 

2. Unfractionated heparin  

Unfractionated heparin is reversible with protamine and is commonly used for acute coronary syndromes. It 

can be continued up to the time of surgery without any increased morbidity during line placement[44].  

3. Low-molecular-weight heparin 

Low-molecular-weight heparin, generally given in a dose of 1 mg/kg SC q12h for acute coronary syndromes, 

should be stopped at least 12 hours prior to surgery, since it is only 80% reversible with protamine. Studies 

have shown increased bleeding when it is administered within 12 hours of surgery[45].  

4. Aspirin 

Aspirin should be stopped at least 3 days prior to surgery to ensure adequate restoration of platelet function 

and reduce transfusion requirements. Preoperative cessation of aspirin has become controversial because 
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several studies have demonstrated reduced rates of infarction and mortality when aspirin is continued up to 

the time of surgery. Aprotinin and tranexamic acid are useful in reducing bleeding associated with preoperative 

use of aspirin[46].  

Willemsen et al. (2021) reported that aspirin sensitivity was associated with 12-hour blood loss after cardiac 

surgery, suggesting that preoperative aspirin testing could identify patients undergoing cardiac surgery at high 

risk for perioperative bleeding[47]. 

5. Clopidogrel 

Clopidogrel has antiplatelet effects that last for the life span of the platelet, and it should therefore be stopped 

5–7 days prior to elective surgery. However, it is commonly used in acute coronary syndromes and in 

anticipation of a stenting procedure. Although inhibition of platelet activity occurs about 2 hours after the drug 

is administered, achievement of a steady state with 50% inhibition of platelet aggregation occurs about 6 hours 

after a loading dose of 300 mg or after about 4–5 doses of 75 mg[48].  

If surgery is then required on an urgent basis, significant bleeding may be encountered. Aprotinin may be 

successful in reducing bleeding in patients receiving this medication (although this has not been studied), but 

platelets are often required. If the active metabolite of clopidogrel is still present in the bloodstream, 

exogenously administered platelets may be ineffective[49].  

6. Ticlopidine 

Ticlopidine has been replaced by clopidogrel in patients undergoing stenting, although some patients still 

receive it for the management of cerebrovascular disease. Since its activity also lasts the life span of the platelet, 

it should be stopped at least 7 days prior to surgery. If bleeding is encountered, platelets may be needed. An 

abnormal bleeding time caused by ticlopidine can be normalized within 2 hours by methylprednisolone 20 mg 

IV[42]. 

7. Tirofiban and eptifibatide 

Tirofiban (Aggrastat) and eptifibatide (Integrilin) are short-acting IIb/IIIa inhibitors that allow for recovery of 

80% of platelet function within 4–6 hours of being discontinued. They should be stopped about 4 hours prior 

to surgery. Some studies have shown that continuing these medications up to the time of surgery may preserve 

platelet function on pump, leading to increased platelet number and function after bypass with no adverse 

effects on bleeding [50] 

8. Abciximab (Reopro) 

Abciximab (Reopro) is a long-acting IIb/IIIa inhibitor used for high-risk percutaneous coronary intervention 

that has a half-life of 12 hours. If surgery must be performed on an emergency basis, platelets are effective in 

producing hemostasis since there is very little circulating unbound drug. Ideally, surgery should be delayed for 

at least 12 hours and preferably for 24 hours since recovery of platelet function takes up to 48 hours. Although 

abnormal bleeding times and platelet aggregation tests are still abnormal in up to 25% of patients at this time, 

there is little hemostatic compromise at receptor blockade levels less than 50%[51].  

9. Thrombolytic therapy 

Thrombolytic therapy is an alternative to primary angioplasty in patients presenting with ST-segment 

elevation myocardial infarctions. Although currently used agents have short half-lives measured in minutes, 

the systemic hemostatic defects persist much longer. These effects include depletion of fibrinogen, reduction 

in factor II, V, and VIII levels, impairment of platelet aggregation, and the appearance of fibrin split products. If 

surgery is required for persistent ischemia after failed thrombolytic therapy, it should be delayed by at least 

12–24 hours. If it is required emergently, plasma and cryoprecipitate will probably be necessary to correct the 

anticipated coagulopathy[51]. 

D. Anti-fibrinolytic therapy 

Antifibrinolytic therapy should be used to reduce intraoperative blood loss.  

1. Aprotinin 

Aprotinin is a serine protease inhibitor that is extremely effective in reducing blood loss and transfusion 

requirements. It preserves adhesive platelet receptors during the early period of CPB, exhibits antifibrinolytic 
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properties by inhibiting plasmin, and also inhibits kallikrein, blocking the contact phase of coagulation and 

inhibiting the intrinsic coagulation cascade. Although it has been recommended for primary coronary bypass 

operations, it is very expensive and is usually reserved for complex operations and reoperations[52]. 

2. ε-aminocaproic acid (Amicar) 

ε-aminocaproic acid (Amicar) is an antifibrinolytic agent that may preserve platelet function by inhibiting the 

conversion of plasminogen to plasmin. It is effective in reducing blood loss and, because of its low cost, is 

usually the drug of choice for all first-time operations and anticipated uncomplicated reoperations. Most 

studies suggest it is not as effective as aprotinin [53]. 

3. Tranexamic acid 

Tranexamic acid (Cyclokapron) has similar properties to ε-aminocaproic acid. It has also been shown to reduce 

perioperative blood loss. It is more expensive than ε-aminocaproic acid but much less expensive than aprotinin. 

Some studies have shown its efficacy to be equivalent to that of ε-aminocaproic acid; others have shown it to 

be as effective as aprotinin [54].  

E. Autologous blood withdrawal 

Autologous blood withdrawal before instituting bypass protects platelets from the damaging effects of CPB. It 

has been demonstrated to preserve red cell mass and reduce transfusion requirements. However, its efficacy 

in reducing perioperative bleeding is controversial. It can be considered when the calculated on-pump 

hematocrit after withdrawal remains satisfactory (greater than 20–22%).This can be calculated using the 

following equation: amount that can be withdrawn = EBV – [0.22 (EBV + PV + CV)]/HCT, where EBV is the 

estimated blood volume (70 ✕ kg), PV is the priming volume, CV is the estimated cardioplegia volume, and HCT 

is the prewithdrawal hematocrit [55]. 

F. Platelet-rich plasmapheresis  

Platelet-rich plasmapheresis entails the withdrawal of platelet-rich plasma using a plasma separator at the 

beginning of the operation with its readministration after protamine infusion. This improves hemostasis and 

reduces blood loss. Although it might be beneficial in reoperations, it is expensive, time-consuming, and 

probably of little benefit when prophylactic antifibrinolytic medications are used [56]. 

G. Meticulous surgical technique  

Meticulous surgical technique is the mainstay of hemostasis. Warming the patient to normothermia before 

terminating bypass improves the function of the coagulation system [4].  

H. CPB considerations: [57] 

• The use of heparin-coated circuits during bypass allows for a reduction in heparin dosing and has been 

associated with reduced perioperative blood loss.  

• Retrograde autologous priming of the extracorporeal circuit entails withdrawal of crystalloid prime to 

minimize hemodilution, thus maintaining a higher hematocrit and colloid oncotic pressure on pump. 

In some studies, this has been shown to reduce the rate of transfusion.  

• Avoidance of cardiotomy suction may reduce perioperative bleeding. Blood aspirated from the 

pericardial space has been in contact with tissue factor and contains high levels of factor VIIa, 

procoagulant particles, and activated complement proteins, and exhibits fibrinolytic activity. 

Assessment of Bleeding in the ICU  

A. The appropriate assessment of bleeding in the ICU requires the following steps: [58] 

1) Frequent documentation of the amount of blood draining into the collection system and attention to 

tube patency  

2) Determination of the color (arterial or venous) and pattern of drainage (sudden dump when turned 

or continuous drainage)  

3) Monitoring of hemodynamic parameters with ongoing awareness of the possibility of cardiac 

tamponade  

4) Identification of potential causative factors by review of coagulation studies  
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5) Suspicion of undrained blood in the mediastinum or pleural spaces by review of a chest x-ray, 

auscultating decreased breath sounds on examination, or noting elevation of peak inspiratory 

pressures on the ventilator.  

B. Quantitate the amount of chest tube drainage.  

Make sure that the chest tubes are patent because the extent of ongoing hemorrhage may be masked when the 

tubes have clotted or blood has drained into an open pleural space. When patients are turned or moved, they 

occasionally drain a significant volume of blood that has been accumulating in the chest for several hours. This 

may suggest the acute onset of bleeding and the need for surgical exploration. The presence of dark blood and 

minimal additional drainage are clues that this does not represent active bleeding. Serial chest x-rays may be 

helpful in identifying residual blood [59].  

C. Swan-Ganz catheter: [60] 

Assess hemodynamics with the Swan-Ganz catheter. Maintenance of adequate filling pressures and cardiac 

output is essential and is generally accomplished using crystalloid or colloid solutions. However, in the bleeding 

patient, these will produce hemodilution and progressive anemia[61].  

1) If filling pressures are decreasing and nonheme fluid is administered, one needs to anticipate a 

decrease in the hematocrit from hemodilution, but more so with ongoing bleeding. The 

administration of volume in the form of clotting factors and platelets to promote hemostasis must 

be accompanied by red cell transfusions to maintain a safe hematocrit. It should be reiterated 

that unstable hemodynamics are frequently seen in the bleeding patient even if filling pressures 

are maintained.  

2) Evidence of rising filling pressures and decreasing cardiac outputs may suggest the development 

of cardiac tamponade. Equilibration of intracardiac pressures may be noted with postoperative 

tamponade, but, more commonly, accumulation of clot adjacent to the right or left atrium will 

produce variable elevation in intracardiac pressures that are also consistent with right or left 

ventricular failure, respectively.  

3) If hemodynamic measurements suggest borderline cardiac function and tamponade cannot be 

ruled out, transesophageal echocardiography (TEE) is invaluable in making the correct diagnosis. 

Tamponade should be suspected when hemodynamic compromise is associated with excessive 

bleeding, bleeding that has abruptly stopped, or even minimal chest tube drainage caused by 

clotted tubes or spillage into the pleural space. TEE is often more accurate than a transthoracic 

study in detecting clot around the heart because the latter may be compromised by inability to 

obtain acoustic windows necessary to adequately identify an effusion[62].  

D. Coagulation Studies 

Obtain coagulation studies upon arrival in the ICU and serial hematocrits if the patient is bleeding. Coagulation 

studies need not be ordered if the patient has minimal mediastinal bleeding. However, if hemostasis was 

difficult to achieve in the operating room or hemorrhage persists (generally greater than 100 mL/h), lab tests 

may be helpful in assessing whether a coagulopathy is contributing to mediastinal bleeding. Tests for some of 

the more common nonsurgical causes of bleeding (residual heparin effect, thrombocytopenia, and clotting 

factor deficiency) are readily available, but documentation of platelet dysfunction requires additional 

technology [63].  

Although no individual test correlates that well with the amount of bleeding, together they can usually direct 

interventions in a somewhat scientific manner. No matter what the results of coagulation testing are, clinical 

judgment remains paramount in trying to ascertaining whether the bleeding is more likely to be of a surgical 

nature (which tends to persist) or due to a coagulopathy (which might improve) [64]. 

It include the following tests: [65] 

1) Prothrombin time measured as the INR assesses the extrinsic coagulation cascade. The INR may 

be slightly prolonged after a standard pump run, but clotting factor levels exceeding 30% of 

normal should allow for satisfactory hemostasis. An abnormal INR can be corrected with FFP.  
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2) Partial thromboplastin time assesses the intrinsic coagulation cascade and can also detect 

residual or recurrent heparin effect (“heparin rebound”). As an isolated abnormality or with 

slight elevation of the INR, protamine is beneficial in correcting the PTT and controlling bleeding.  

3) Platelet count. Although CPB reduces the platelet count by about 30–50% and also produces 

platelet dysfunction, platelet function is usually adequate to produce hemostasis. Platelet 

transfusions may be justified in the bleeding patient for thrombocytopenia (generally < 

100,000/µL) or for suspicion of platelet dysfunction (usually for patients on aspirin or 

clopidogrel) [34].  

4) Platelet function can be assessed by a variety of available technologies, including those that 

measure platelet aggregometry and other sophisticated tests of clot formation and retraction.  

5) Additional tests may be considered for severe bleeding if a coagulopathy is suspected. However, 

if normal coagulation studies are present before or after the standard corrective measures are 

taken, surgical re-exploration is generally indicated.  

Additional tests includes:[65] 

a. D-dimer and Fibrinogen levels  

Assessment for fibrinolysis entails measurement of D-dimer and fibrinogen levels. Fibrinolysis is associated 

with an elevation in the PT and PTT, and decreased levels of factor I (fibrinogen < 150 mg/dL) and factor VIII. 

However, an elevated D-dimer alone is not uncommon and may also be noted if shed blood is autotransfused.64 

Use of aprotinin may be considered if fibrinolysis is confirmed, even if one of the other antifibrinolytic 

medications had been used during surgery, although it may contribute to a prothrombotic state [53].  

b. Thromboelastography  

Thromboelastography (Figure 2) gives a qualitative measurement of clot strength. It is used to evaluate the 

interaction of platelets with the coagulation cascade from the onset of clot formation through clot lysis. The 

thromboelastogram shows a distinct contour in patients with fibrinolysis [66] 

c. Sonoclot Analysis 

Sonoclot analysis (Figure 3) is another viscoelastic method for evaluating clot formation and retraction that 

allows for assessment of coagulation factors, fibrinogen, and platelet activity. The device measures the 

changing impedance to movement imposed by the developing clot on a small probe that vibrates at an 

ultrasonic frequency within a blood sample. Studies have suggested that both a thromboelastogram and a 

Sonoclot are more predictive of bleeding than routine coagulation studies. This modality has seen limited use 

but can direct appropriate therapy in patients with persistent bleeding [67]. 

d. Repeat a chest x-ray 

A widened mediastinum may suggest undrained clotted blood accumulating within the pericardial cavity that 

could cause cardiac tamponade. Comparison with preoperative films can be misleading because of differences 

in technique, but any difference noted between the immediate postoperative supine film and a repeat film 

should be noted [68].  

Also, Note the distance between the edge of the Swan-Ganz catheter in the right atrium or the location of the 

right atrial pacing wires (if placed on the right atrial free wall) and the edge of the mediastinal silhouette. If this 

distance widens, suspect clot accumulation adjacent to the right atrium. Moreover, Note any accumulation of 

blood within the pleural spaces that has not drained through the pleural chest tubes. This can be difficult to 

assess since fluid will layer out on a supine film, so a discrepancy in the haziness of the two pleural spaces 

should be sought[60]. 
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Fig. (3): Representative Sonoclot tracings. (A) The Sonoclot signature assesses the liquid phase of initial clot 

formation, the rate of fibrin and clot formation, further fibrinogenesis and platelet-fibrin interaction, a peak 

impedance after completion of fibrin formation, and a downward slope as platelets induce contraction of the 

completed clot. (B) Heparinization. (C) Poor platelet function (slow clot retraction). (D) Hyperfibrinolysis (no 

tightening associated with clot retraction) [68].  
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