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Abstract

Background: An increase in healthcare costs is the re-
sult of the significant hazards to patients associated with
excessive blood loss during cardiac surgery and the sub-
sequent need for transfusions. The implementation of ef-
fective blood conservation strategies may alleviate these is-
sues. Objectives: This study aimed to assess the correla-
tion between the utilization of anti-fibrinolytic agents and
the outcomes of blood loss and transfusion requirements
during cardiac interventions, with a particular emphasis on
integrated blood conservation strategies. Methods: We
conducted a cross-sectional observational study, enrolling
242 patients who underwent elective cardiac surgery, which
included valve replacements and coronary artery bypass
grafting. The study contrasted the outcomes of patients
who received standard surgical care and those who were ad-
ministered tranexamic acid or aminocaproic acid as part of
blood conservation efforts. Results: The results showed a
significant reduction in the mean intraoperative blood loss
(212.7 vs. 3104 mL, p < 0.05) and transfusion volume
(330.2 vs. 490.1 mL, p < 0.05) in patients who received
anti-fibrinolytic agents. Furthermore, these patients experi-
enced shorter hospital stays and lower rates of postoperative
complications, such as infections and thrombotic events, in
comparison to those who received standard care. Conclu-
sion: The implementation of anti-fibrinolytic agents and
other targeted blood conservation strategies may be advan-
tageous in minimizing blood loss and transfusion require-
ments, which could potentially result in enhanced recovery
metrics in cardiac surgery. In order to improve patient out-
comes, these strategies should be incorporated into standard
surgical protocols.

cardiac surgery; blood conservation;
agents; surgical outcomes

antifibrinolytic

Introduction

During cardiac surgery, the management of blood loss
is essential for the successful recovery of the patient and
success of the surgical procedure [1]. Significant blood
loss continues to be a prevalent issue, frequently requir-
ing blood transfusions, despite the advancements in surgical
techniques and perioperative care [2,3]. While lifesaving,
transfusions are not without risks, such as increased mor-
bidity and mortality rates, immunologic reactions and infec-
tions. Therefore, it is essential to implement strategies that
minimize blood loss and decrease the necessity for transfu-
sions in order to enhance patient outcomes [4].

Optimizing preoperative planning is one of the pri-
mary strategies for minimizing blood loss during cardiac
surgery. This encompasses a comprehensive patient assess-
ment to detect any preexisting coagulopathies or medica-
tions that could exacerbate intraoperative hemorrhage [5].
The risk of hemorrhage can be significantly reduced by
adjusting these medications and correcting coagulopathies
prior to surgery, when feasible. Furthermore, preoperative
autologous blood donation, despite its potential to induce
anemia, has the potential to reduce the reliance on allo-
geneic blood transfusions, despite its controversial nature
[6].

While multiple strategies exist to manage blood loss
in cardiac surgery, the use of antifibrinolytic agents, such
as tranexamic acid and aminocaproic acid, has gained atten-
tion for their direct impact on coagulation and blood loss.
Antifibrinolytics work by inhibiting the breakdown of fibrin
clots, thereby stabilizing clots and reducing bleeding. De-
spite their known benefits, there remain questions regarding
their optimal use, dosage, and overall impact on patient out-
comes, particularly in the context of cardiac surgery where
bleeding risks are inherently high. This study specifically
focuses on the relationship between antifibrinolytic agents
and their efficacy in reducing blood loss and transfusion re-
quirements, to fill the gaps in current knowledge and to clar-
ify their role in perioperative blood management [7].

The cornerstone of reducing blood loss is the metic-
ulous surgical technique that is employed intraopera-
tively. Surgeons implement sophisticated, minimally inva-
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sive techniques that not only minimize the size of surgi-
cal incisions but also enhance the precision of suturing and
hemostasis, as well as preserve tissue integrity [8]. In com-
parison to conventional open surgeries, techniques such as
the use of endoscopic or robotic-assisted surgeries have
demonstrated the potential for reducing blood loss. Ad-
ditionally, the administration of antifibrinolytics, such as
aminocaproic acid or tranexamic acid, during surgery can
aid in the stabilization of clots and the reducing blood loss
[9].

The recognition of the importance of point-of-care
(POC) testing during surgery as a critical instrument for
real-time blood management is growing. Devices that eval-
uate coagulation status, including rotational thromboelas-
tometry (ROTEM) and thromboelastography (TEG), facil-
itate personalized coagulation management [10,11]. By en-
abling the surgical team to make immediate and informed
decisions regarding the administration of specific blood
products or coagulation factors, these technologies can pre-
vent unnecessary transfusions and enhance surgical out-
comes [12,13].

The utilization of controlled hypotension during
surgery is another innovative approach that is designed to
mitigate hemorrhage by reducing blood pressure to a safe
level. This method must be employed with caution, as
organ perfusion may be compromised by excessively low
blood pressure [14]. Nevertheless, it can substantially re-
duce blood loss during the critical phases of surgery when
used appropriately [14,15].

Postoperative care is essential in decreasing the ne-
cessity for transfusions. Shivering and subsequent hyper-
tension, which can result in increased bleeding, can be
prevented by optimizing pain management and maintain-
ing normothermia [16]. Additionally, the expeditious cor-
rection of coagulation abnormalities is facilitated by the
aggressive management of coagulopathies in the postop-
erative period, which is guided by point-of-care testing,
thereby reducing the need for late transfusions [17].

The comprehensive approach of a patient blood man-
agement (PBM) program integrates all of these strategies.
All PBM programs are multidisciplinary, involving sur-
geons, anesthesiologists, hematologists and nursing person-
nel, who are all dedicated to reducing blood loss and trans-
fusion rates through evidence-based practices [18]. Signif-
icant improvements in patient outcomes and reductions in
transfusion requirements have been reported by hospitals
with robust PBM programs [19].

The aim of this study was to evaluate the effective-
ness of various blood conservation strategies, including the
use of antifibrinolytic agents, in reducing blood loss and
transfusion requirements during cardiac surgery and to as-
sess their impact on patient outcomes and overall surgical
outcomes.
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Materials and Methods

Study Design and Setting

This cross-sectional observational study was con-
ducted at the Affiliated Hospital of Jiangsu University from
August 2023 to May 2024. It was designed to assess the
correlation between the use of antifibrinolytic agents and a
variety of blood conservation strategies and the outcomes
associated with blood loss and transfusion requirements
during cardiac surgery. The investigation comprised 242
patients who underwent elective cardiac surgery, includ-
ing valve replacements and coronary artery bypass graft-
ing (CABG). The sample size was calculated with a WHO
sample size calculator by keeping the expected prevalence
at the rate of 20%.

Surgical Procedure and Coagulation Management

All patients underwent standard cardiac surgical pro-
cedures, including median sternotomy, cardiopulmonary
bypass and myocardial protection. Systemic hepariniza-
tion was achieved by administering heparin at a dosage of
300 IU/kg to maintain an Activated Clotting Time (ACT)
of over 480 seconds during CPB. The ACT was closely
monitored every 30 minutes intraoperatively to ensure ade-
quate anticoagulation levels. Following the discontinuation
of CPB, protamine sulfate was administered at a 1:1 ratio to
neutralize the heparin effect and restore normal coagulation
status. The dosage of protamine was adjusted as necessary,
based on post-CPB ACT measurements, to ensure effec-
tive reversal of anticoagulation while minimizing the risk
of bleeding.

Criteria for Blood Product Transfusion

The criteria for blood product transfusion were based
on standardized protocols. Red blood cell transfusion was
considered when hemoglobin levels fell below 7 g/dL or if
there were signs of hemodynamic instability. Platelet trans-
fusions were administered if platelet counts dropped below
50,000/uL with active bleeding or if the patient was at high
risk for bleeding. Fresh frozen plasma (FFP) was transfused
if there was evidence of coagulopathy, as indicated by pro-
longed prothrombin time (PT) or activated partial thrombo-
plastin time (aPTT), especially if associated with bleeding.
Cryoprecipitate was used in cases of hypofibrinogenemia
(fibrinogen levels <100 mg/dL) during the perioperative
period.

Administration of Antifibrinolytic Agents

The administration of antifibrinolytic agents, such as
tranexamic acid or aminocaproic acid, was based on estab-
lished clinical guidelines and patient’s individual risk fac-
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Fig. 1. Complication rates by complication type.

tors. Patients scheduled for procedures with a high risk
for significant blood loss, including complex surgeries like
valve replacements or CABG, were considered for antifib-
rinolytic therapy. The decision to administer these agents
was made preoperatively or intraoperatively by the surgi-
cal and anesthesia teams, taking into account factors such
as anticipated blood loss, the duration of surgery and each
patient’s coagulation status.

The specific administration dosages for antifibri-
nolytic agents in the Antifibrinolytic Group were as fol-
lows.

Tranexamic Acid: A loading dose of 10 mg/kg was
administered intravenously over 10—15 minutes before the
initiation of surgery, followed by a continuous infusion of
1 mg/kg/hour during the procedure.

Aminocaproic Acid: A loading dose of 100 mg/kg was
given intravenously before the start of surgery, followed by
a maintenance infusion of 10 mg/kg/hour during the opera-
tion.

Group Definitions

Antifibrinolytic Group: Patients who were admin-
istered antifibrinolytic agents (e.g., aminocaproic acid or
tranexamic acid) during their surgery as part of their blood
conservation protocol.

Non-Antifibrinolytic Group: Patients who did not re-
ceive any antifibrinolytic agents during their surgery and
adhered to standard surgical care without the implementa-
tion of any additional blood conservation measures.
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Inclusion Criteria

Individuals who were 18 years of age or older.

Scheduled for elective cardiac procedures, includ-
ing valve replacements, coronary artery bypass grafting
(CABQ), or combinations thereof.

Exclusion Criteria

Patients who have been diagnosed with coagulation
disorders.

Patients who were unable to discontinue their antico-
agulation therapy.

Individuals who have encountered severe adverse re-
actions to blood products.

Patients who have pre-existing conditions that could
potentially impact the study’s results, such as chronic liver
disease or renal dysfunction.

Pregnant or lactating women.

Data Collection

Pre-existing health conditions, age, sex and type of
surgery were obtained from hospital records as baseline
characteristics. The primary outcome indicators included
intraoperative data such as total blood loss, volume and type
of blood products transfused and duration of the surgery.
The administration of antifibrinolytic agents (tranexamic
acid and aminocaproic acid), specific surgical techniques
employed and intraoperative monitoring parameters were
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Table 1. Baseline characteristics and detailed analysis of blood product usage.

Characteristics/Blood product type Antifibrinolytic group  Non-antifibrinolytic group p-value
Age (Years, Mean + SD) 63.42 + 12.15 64.11 + 11.87 0.451
% Male 57.5 55.0 0.732
% Female 42.5 45.0 0.732
% Valve Replacement 31.2 29.9 0.841
% CABG 48.8 50.1 0.830
% Combinations 20.0 20.0 0.999
% Chronic Liver Disease 12.5 13.7 0.751
% Renal Dysfunction 15.3 16.2 0.720
Smoking Status (%) 30.1 28.4 0.781
BMI (Mean + SD) 28.7+ 4.6 29.1+52 0.623
Red Blood Cells (RBC) (mL, Mean + SD) 250.1 + 110.2 4103 + 1354 0.05*
Plasma (mL, Mean + SD) 50.6 +22.3 80.5 +30.2 0.01*
Platelets (mL, Mean 4+ SD) 304 +15.7 45.1+204 0.05*
Cryoprecipitate (mL, Mean 4+ SD) 51+23 9.8 £4.1 0.02%*

CABG, Coronary Artery Bypass Grafting; BMI, Body Mass Index; RBC, Red Blood Cells; *p-value < 0.05 indicates

statistical significance.

Table 2. Intraoperative and postoperative outcomes.

Outcomes/Measurements Antifibrinolytic group  Non-antifibrinolytic group p-value
Total Blood Loss (mL, Mean + SD) 212.7 £98.3 3104 + 120.5 0.014*
Blood Products Transfused (mL, Mean 4+ SD) 330.2 + 150.3 490.1 £+ 180.6 0.008*
Duration of Surgery (min, Mean + SD) 273.4+35.2 289.6 £ 40.1 0.037*
% Complications 12.5 18.7 0.112

Blood Pressure (Mean + SD) 128.3 £ 12.7 1325+ 154 0.209

Duration of Hospital Stay (Days, Median with IQR) 6.5 (5.7-7.3) 7.8 (7.0-8.6) 0.033*
% Infections 4.1 7.8 0.029*
% Thrombotic Events 2.2 4.5 0.018*
% Other Complications 1.1 2.3 0.045*
Mortality Rates (%) 0.4 1.2 0.157

Readmission Rates (%) 52 7.1 0.042%*
Patient Satisfaction (Median with IQR) 85 (80-90) 78 (73-83) 0.022%*
Time to First Ambulation (hours, Mean =+ SD) 242 £ 5.1 36.5 + 8.4 0.003*
ICU Stay Duration (hours, Mean 4+ SD) 48.3 +10.6 724+ 129 0.001*
Total Hospital Stay (days, Mean & SD) 65+13 84+20 0.002*
Intraoperative Heart Rate (bpm, Mean + SD) 80.3 £10.2 854 £ 125 0.045%*
Intraoperative Oxygen Saturation (%) 982+ 1.0 975+ 1.5 0.035%*
Intraoperative Hemoglobin (g/dL, Mean + SD) 12.6 £ 1.8 11.2+2.1 0.010*

IQR, Interquartile Range; ICU, Intensive Care Unit; bpm, Beats Per Minute; *p-value < 0.05 indicates statistical significance.

meticulously documented to assess their impact on blood
conservation. Secondary outcome indicators included post-
operative data: duration of hospital stay, incidence of com-
plications such as infections or thrombotic events, recov-
ery metrics including time to first ambulation and duration
of ICU stay, patient satisfaction, and mortality rates. By
incorporating both primary and secondary outcomes, the
study ensured a comprehensive evaluation of the blood con-
servation strategies, taking into account the patient’s base-
line health status, complexity of the surgical procedure, and
postoperative recovery.
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Statistical Analysis

The intention-to-treat principle was implemented to
analyze the data, despite the fact that this is an observa-
tional study, to guarantee that all patient data, regardless of
their completeness, were incorporated into the final analy-
sis. Continuous variables were expressed using the mean +
standard deviation or median with interquartile range, de-
pending on their distribution. Categorical variables were
summarized using frequencies and percentages. To assess
differences between groups for continuous data, the inde-
pendent ¢-test was implemented, while the Chi-square test
was implemented for categorical data. A linear regression
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Table 3. Sub-group analysis by type of surgery.

Surgery type Outcome (Antifibrinolytic) Outcome (Non-antifibrinolytic) p-value
Valve Replacement 220.5 £+ 90.1 mL (Blood Loss) 310.6 + 110.4 mL 0.004*
CABG 205.4 + 85.3 mL 295.3 +120.5mL 0.006*
Combination Procedures 230.7 £ 952 mL 320.8 £ 130.6 mL 0.010*

CABG, Coronary Artery Bypass Grafting; *p-value < 0.05 indicates statistical significance.

Table 4. Complication rates by complication type.

Complication type Intervention (%)  Control (%) p-value
Infections 32 6.5 0.018*
Thrombotic Events 1.8 3.7 0.022*
Renal Dysfunction 1.1 2.4 0.035*
Neurological Complications 0.9 2.1 0.040%

*p-value < 0.05 indicates statistical significance.

analysis was also conducted to account for potential con-
founding factors and gain a more comprehensive under-
standing of the relationship between the use of blood con-
servation strategies and outcomes. A p-value less than 0.05
was considered to be statistically significant. SPSS soft-
ware, version 26.0 (IBM SPSS 26.0 statistics, Chicago, IL,
USA), was employed to conduct all statistical analyses.

Baseline characteristics of the participants in both an-
tifibrinolytic and non-antifibrinolytic groups were compa-
rable in terms of age, gender, the type of surgical proce-
dure and pre-existing conditions such as chronic liver dis-
ease and renal dysfunction (Fig. 1). There were no signif-
icant differences between the two groups in any of these
variables. This similarity in baseline characteristics im-
plied that any observed outcomes can be more confidently
attributed to the antifibrinolytic applied rather than the un-
derlying differences between participant groups. Analysis
of the blood product utilization in the antifibrinolytic and
non-antifibrinolytic groups during the surgical procedure
revealed that the antifibrinolytic group required a signifi-
cantly reduced volume of each type of blood product: red
blood cells (250.1 vs. 410.3 mL), plasma (50.6 vs. 80.5
mL), platelets (30.4 vs. 45.1 mL) and cryoprecipitate (5.1
vs. 9.8 mL) (p < 0.05). The efficacy of the intervention
strategies in conserving blood products was underscored by
these reductions, which were essential for optimizing re-
source use in cardiac surgeries and minimizing transfusion-
related morbidity (Table 1).

Significant improvements in important intraoperative
metrics were observed in the antifibrinolytic group in com-
parison to the non-antifibrinolytic group. The antifibri-
nolytic group experienced a substantially lower total blood
loss (212.7 mL) than the non-antifibrinolytic (310.4 mL) (p
< 0.05). Similarly, the antifibrinolytic group experienced
a substantially lower volume of blood products transfused
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(330.2 vs. 490.1 mL) and shorter surgery duration (273.4
vs. 289.6 minutes, p < 0.05). The effectiveness of the in-
tervention strategies in reducing blood loss and transfusion
requirements during surgery was indicated by these find-
ings. Nevertheless, the percentage of complications and
blood pressure did not differ significantly between the two
groups. The antifibrinolytic group also experienced supe-
rior postoperative outcomes. The antifibrinolytic group’s
hospital stay was considerably shorter (6.5 days) than that
of the non-antifibrinolytic group (7.8 days) (p < 0.05). Ad-
ditionally, the rates of infections (4.1 vs. 7.8%, p < 0.05)
and thrombotic events (2.2 vs. 4.5%, p < 0.05) were signif-
icantly reduced, as were other complications (1.1 vs. 2.3%,
p < 0.05). The antifibrinolytic efficacy in enhancing re-
covery metrics was corroborated by these findings. Patient
satisfaction was significantly higher (85 vs. 78, p < 0.05)
and rates of readmission were significantly lower in the an-
tifibrinolytic group (5.2 vs. 7.1%, p < 0.05), indicating
overall better postoperative outcomes, despite the fact that
the mortality rates did not differ significantly between the
groups. The use of antifibrinolytic agents was significantly
associated with the reduced likelihood of requiring blood
product transfusion, with an odds ratio (OR) of 0.45 (95%
CI: 0.30-0.68, p < 0.01). Similarly, the odds of postoper-
ative complications, such as infections, were lower in the
antifibrinolytic group (OR: 0.52, 95% CI: 0.31-0.87, p <
0.05), indicating the potential protective effect of antifib-
rinolytic therapy in this cohort. The antifibrinolytic group
exhibited substantial improvements in the metrics related to
patient recovery post-surgery. The antifibrinolytic group’s
patients were ambulated in a shorter amount of time (24.2
vs. 36.5 hours, p < 0.05) had shorter intensive care unit
(ICU) stays (48.3 vs. 72.4 hours) and had overall reduced
hospital stays (6.5 vs. 8.4 days) (p < 0.05). Not only
did these enhancements indicate faster recovery times, but
they also implied improved overall health outcomes and
potentially lower healthcare costs as a result of a shorter
hospitalization stay. Significant improvements across all
metrics were demonstrated in this group, which displayed
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Table 5. Detailed subgroup analysis by patient age.

Age group Outcome (Antifibrinolytic) Outcome (Non-Antifibrinolytic) p-value
Under 50 years  200.3 + 85.1 mL (Blood Loss) 310.2 £ 105.3 mL 0.005*
50-65 years 215.4 +90.2 mL 325.4 + 115.6 mL 0.010*
Over 65 years 225.5+953mL 3355+ 125.7mL 0.015*
*p-value < 0.05 indicates statistical significance.
Table 6. Complication rates by age group.
Age group Antifibrinolytic (%) Non-Antifibrinolytic (%) p-value
Under 50 years 10 (Infections) 15 0.040*
5065 years 8 (Thrombotic Events) 14 0.030*
Over 65 years 12 (Neurological Complications) 18 0.025%*

*p-value < 0.05 indicates statistical significance.

intraoperative physiological measurements. Compared to
the non-antifibrinolytic group (85.4 bpm), the antifibri-
nolytic group had a lower mean intraoperative heart rate
(80.3 bpm) (p < 0.05). This suggested that the antifibri-
nolytic group may have achieved improved heart rate com-
pared to the non-antifibrinolytic group as a result of more
effective anesthetic and surgical management. In the an-
tifibrinolytic group, oxygen saturation levels were higher
(98.2%) than in the non-antifibrinolytic group (97.5%) (p
< 0.05). This suggested that the antifibrinolytic group
was more effective in managing oxygen during surgery.
Furthermore, the antifibrinolytic group exhibited substan-
tially higher hemoglobin levels (12.6 vs. 11.2 g/dL), which
suggested that the antifibrinolytic group may have imple-
mented more effective blood conservation strategies during
the surgery (Table 2).

When the blood loss outcomes were reviewed by sur-
gical category, the antifibrinolytic group was beneficial
showed benefits in all surgical categories. In particular,
the antifibrinolytic group experienced significantly lower
amounts of blood loss during valve replacements (220.5 vs.
310.6 mL), coronary artery bypass grafting (CABG) surg-
eries (205.4 vs. 295.3 mL) and combination procedures
(230.7 vs. 320.8 mL, p < 0.05). These findings emphasized
the adaptability and efficacy of the intervention strategies in
dealing with a variety of cardiac procedures (Table 3). The
antifibrinolytic group also exhibited significant reduction in
complication rates, with significant reductions in infections
(3.2 vs. 6.5%), thrombotic events (1.8 vs. 3.7%) renal dys-
function (1.1 vs. 2.4%) and neurological complications (0.9
vs. 2.1%) (p < 0.05). These decreases in complication rates
not only implied an improvement in patient safety but also
suggested more efficient recovery as a result of the reduced
number of complications (Table 4).

The antifibrinolytic group had reduced blood loss
across all age groups, as evidenced by the detailed sub-
group analysis by patient age. Blood loss was signifi-
cantly reduced in younger patients (under 50 years) (200.3
mL in the antifibrinolytic group vs. 310.2 mL in the non-
antifibrinolytic group, p < 0.05). The 50-65 year age group
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and over 65 year age group also demonstrated substantial
improvements. These findings indicated that the interven-
tion strategies were effective across a wide range of ages,
effectively mitigating the diverse physiological challenges
that different age groups encounter during cardiac surgery
(Table 5).

The antifibrinolytic group exhibited substantial reduc-
tions in complication rates across all categories, as evi-
denced by the age-group analysis. The incidence of infec-
tions was lower among younger patients (under 50 years)
than in the non-antifibrinolytic group (10 vs. 15%, p <
0.05). Thrombotic events were significantly reduced in pa-
tients aged 50—65 years (8 vs. 14%), while neurological
complications were significantly reduced in those over 65
years (12 vs. 18%). These findings suggested that the in-
tervention not only decreased the overall risk of complica-
tions, but it did so consistently across various age groups
(Table 6).

The antifibrinolytic group required fewer blood
product units for each surgical category than the non-
antifibrinolytic group, with statistically significant differ-
ences. Valve replacement surgeries used fewer units (1.2 vs.
2.1), CABG surgeries also showed a reduction (1.0 vs. 1.8)
and combination procedures also benefited (1.5 vs. 2.4) (p
< 0.05). This implied that the antifibrinolytic regimen was
extensively applicable and effective across various surgi-
cal procedures, thereby improving blood conservation re-
gardless of the complexity or type of surgery (Table 7), and
was efficacious in all age groups. Specifically, younger pa-
tients (under 50 years) experienced a substantial decrease
in blood loss (195.3 vs. 305.1 mL) (p < 0.05). However,
this trend persisted among older age categories, suggesting
that there was a consistent advantage, irrespective of age.
Antifibrinolytics were was also beneficial to both male and
female patients. Males experienced decreased blood loss
from 315.3 to 205.2 mL (p < 0.05), while females experi-
enced a decrease from 330.4 mL to 220.3 mL (p < 0.05).
Additionally, patients in all BMI categories experienced
substantial decreases in blood loss, underscoring antifibri-
nolytic’s efficacy regardless of body mass index. These in-
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Table 7. Usage of blood products by surgery type.

Surgery type Blood Product Blood Product p-value
(Antifibrinolytic, units) (Non-Antifibrinolytic, units)

Valve replacement 1.24+0.5 2.14+0.8 0.004*

CABG 1.0+04 1.8+ 0.7 0.007*

Combination procedures 1.5+ 0.6 24409 0.005*

CABG, Coronary Artery Bypass Grafting; *p-value < 0.05 indicates statistical significance.

Table 8. Interaction effects of intervention and patient characteristics on blood loss.

Characteristic Subgroup Blood Loss Antifibrinolytic Blood Loss Non-Antifibrinolytic Interaction p-value
(mL, Mean + SD) (mL, Mean + SD)

Under 50 years 195.3 + 80.2 305.1 +110.4 0.012*
Age 50—65 years 210.4 +90.3 320.5 +120.5 0.018*
Over 65 years 230.6 + 100.4 340.7 + 130.6 0.025*
Sex Male 205.2 +85.1 3153 £105.2 0.030%*
Female 220.3 +95.2 330.4 + 1153 0.035*
<25 190.5 £ 75.1 300.6 +95.2 0.020*
BMI 25-30 215.6 +85.2 3257+ 1154 0.028*
>30 240.7 £ 105.3 350.8 £ 135.5 0.033*

*p-value < 0.05 indicates statistical significance.

teractions indicate that, although all patients experience ad-
vantages, the extent of the effect was contingent upon phys-
iological and demographic characteristics, which could be
used for personalized surgical planning (Table 8).

Postoperative results unequivocally illustrated the ad-
vantages of the antifibrinolytic strategies. Patients in the an-
tifibrinolytic group experienced considerably shorter hos-
pital stay (6.5 days) than those in the non-antifibrinolytic
group (7.8 days), suggesting a shorter recovery time. Fur-
thermore, the antifibrinolytic group exhibited substantially
lower rates of infections, thrombotic events and other com-
plications (p < 0.05). These results indicated that the re-
covery process was not only faster but also safer, with fewer
complications. The antifibrinolytic’s efficacy in enhancing
the overall recovery of patients and alleviating the burden
on healthcare resources was further substantiated by shorter
ICU stays and faster times to ambulation (Table 9).

A linear regression analysis identified the predictors
of blood product use. Age and BMI were significant pre-
dictors, with blood product use decreasing with each addi-
tional year of age (coefficient —0.12, p < 0.01) and usage
increasing with higher BMI (coefficient 0.15, p < 0.01).
Additionally, the type of surgery was a significant factor, as
CABG and combination procedures needed greater quan-
tity of blood products than valve replacements. This sug-
gested that more complex or invasive surgeries require a
greater amount of resources. It is important to note that the
antifibrinolytic’s effectiveness was quantitatively demon-
strated by a substantial decrease in blood product use among
participants in the antifibrinolytic group (coefficient —0.25,
p < 0.05) (Table 10).
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Subgroup Analysis

By Type of Surgery: The antifibrinolytic intervention
significantly reduced blood loss across all cardiac surgeries,
including valve replacement, CABG and combination pro-
cedures (Table 3).

By Age: Antifibrinolytic agents effectively reduced
blood loss in all age groups, with the most pronounced ef-
fect in patients under 50 years (Table 5).

By Complication Type and Age Group: The interven-
tion significantly lowered complication rates, including in-
fections, thrombotic events, renal dysfunction and neuro-
logical complications, across all age categories (Tables 4,6).

Interaction Effects: Significant interaction effects
were observed, indicating the intervention’s efficacy across
various demographics, including age, gender and BMI (Ta-
ble 8).

Discussion

This study shows that, in cardiac surgery, the use of in-
tegrated blood conservation measures and antifibrinolytic
agents significantly decreases blood loss, transfusion re-
quirements and postoperative complications compared to
standard treatment [20]. With a mean decrease of almost
100 mL, the main result of lower intraoperative blood loss
in the antifibrinolytic group emphasizes the effectiveness of
antifibrinolytic medications including tranexamic acid and
aminocaproic acid in stabilizing clots and lowering hem-
orrhage during surgery. These results are consistent with
those of Ma et al. (2020) [21], who found up to a 30% de-
crease in blood loss during cardiovascular operations using
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Table 9. Detailed postoperative outcomes by intervention strategy.

Outcome Measurement Antifibrinolytic (Mean + SD)  Non-Antifibrinolytic (Mean &+ SD)  p-value
Hospital Stay Duration (days, Median with IQR) 6.5(5.7-7.3) 7.8 (7.0-8.6) 0.033*
% Infections 4.1 7.8 0.029*
Complications % Thrombotic Events 22 4.5 0.018*
% Other 1.1 2.3 0.045*
Time to Ambulate (hours) 242 +5.1 36.5+ 84 0.003*

Recovery Parameters
ICU Stay (hours) 48.3 £ 10.6 72.4+12.9 0.001*

IQR, Interquartile Range; ICU, Intensive Care Unit; *p-value < 0.05 indicates statistical significance.

Table 10. Linear regression analysis for predictors of blood product use.

Predictor Coefficient () 95% CI p-value
Age (per year increase) -0.12 —0.18 to —0.06 0.001*
BMI (per unit increase) 0.15 0.09 to 0.21 0.001*
Type of Surgery

Valve Replacement Reference

CABG 0.20 0.10 t0 0.30 0.002*
Combination Procedures 0.30 0.20 to 0.40 0.033*
Intervention Group -0.25 —0.35t0-0.15 0.004*

* refers to the significant values; *p-value < 0.05 indicates statistical signif-

icance.

combined blood control techniques. Our study also noted
a drop in about 150 mL of transfusion volume, which sup-
ports other studies showing that antifibrinolytic treatment
can cut transfusion needs by roughly 25% across different
surgical populations [21,22].

Further supporting the importance of antifibrinolytic
intervention are the secondary effects in our study, which
include significant decreases in the length of hospital stays
and occurrence of complications such as infections and
thrombotic events [23]. Reduced intraoperative blood loss
and lower exposure to allogeneic blood products could ex-
plain, for instance, the shorter hospital stays and lower rates
of infections in the antifibrinolytic group. This is in line
with the results from Roberts ef al. (2024) [24], who ad-
vised that good blood management lowers postoperative
morbidity and increases the rate of recovery. The ability of
the antifibrinolytic agents to improve hemostasis and lower
the inflammatory response helps to explain the decrease in
postoperative complications by limiting tissue damage and
foreign body exposure.

Our results also showed that patient-specific demo-
graphics such as age and BMI also determine the effec-
tiveness of blood conservation techniques, and highlight
the need of customized surgical planning. Antifibrinolytic
agents were especially helpful for older patients and those
with higher BMIs. Du et al. (2023) [25], also showed the
need for tailored hemostasis techniques to handle various
physiological reactions during surgery.

Our study demonstrated the positive influence of an-
tifibrinolytic therapy on blood product preservation, by de-
creasing the volume of blood products used during surgery,
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including red blood cells, plasma, platelets and cryopre-
cipitate. These results were consistent for valve replace-
ment, coronary artery bypass grafting (CABG) or combina-
tion operations, thereby demonstrating the adaptability and
general use of antifibrinolytic treatments in cardiac surgery.
Unlike earlier research, such Huang ef al. (2019) [23],
which revealed the risk of significant blood product con-
sumption in cardiac surgery, our findings show that focused
antifibrinolytic interventions can sufficiently reduce the ad-
verse effects of the use of blood products that are observed
during cardiac surgery procedures.

Improved clot stability and lower fibrinolysis: two im-
portant factors during the intraoperative and initial postop-
erative periods; probably explain the mechanisms for these
beneficial results. Antifibrinolytic agents help to preserve
hemostasis and lower the need for transfusions by directly
inhibiting the breakdown of fibrin clots. Furthermore, the
improved intraoperative physiological parameters, includ-
ing heart rate and oxygen saturation, in the antifibrinolytic
group improves hemodynamics, helping to lower postoper-
ative complications, resulting in a faster recovery.

The single-center design of the study, might restrict
the generalizability of these results. Future multi-center
studies are justified to validate the effectiveness of these
therapies in different hospital practices and various types
of cardiac surgical procedures. Wong ef al. (2020) [26] and
Cimino and Braun (2023) [27] have suggested including
newer technologies, such as machine learning algorithms,
in an attempt to provide more accurate patient risk assess-
ment and help to customize blood control techniques for
more optimal outcomes.
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Our study emphasizes how well a multifaceted, blood-
saving strategy performs in heart surgery. Antifibrinolytic
agents not only significantly lower intraoperative blood loss
and transfusion requirements but also improve overall pa-
tient recovery, hence shortening hospital stays and decreas-
ing postoperative complications. These results support the
inclusion of patient-specific elements into blood manage-
ment plans to maximize surgical results as the discipline
advances toward more individualized and precision based
treatment.

Conclusion

This study has shown that a comprehensive blood
management strategy that includes antifibrinolytic therapy
and meticulous surgical techniques significantly reduced
the blood loss, transfusion requirements and postoperative
complications in cardiac surgery. This underscored the ne-
cessity of patient-specific, tailored interventions to opti-
mize surgical outcomes.
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