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Controlling Postoperative Bleeding in Open Heart 
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Article History: Abstract: Background: Postoperative bleeding is a common 

and serious complication following open heart surgery, often 

leading to a significant decline in hemoglobin levels and 

increased need for blood transfusions.  Objective: To compare 

the mean change in hemoglobin levels after topical application 

of tranexamic acid versus placebo in controlling postoperative 

bleeding in patients undergoing open heart surgery. Methods: 

This randomized controlled trial was conducted at the 

Department of Cardiac Surgery, PIMS, Islamabad, from 27th 

August 2025 to 27th November 2025. A total of 300 patients 

aged 30–80 years undergoing first-time elective open-heart 

surgery were enrolled and randomly assigned to two groups: 

TXA (n=150) and placebo (n=150). Group A received 2.5 g 

tranexamic acid diluted in 250 mL normal saline, while Group 

B received normal saline alone. Results: Baseline 

characteristics were comparable between both groups. The 

mean hemoglobin drop was significantly lower in the TXA 

group (2.20 ± 0.43 g/dL) compared to the placebo group (3.08 

± 0.54 g/dL) (p<0.001). Postoperative hemoglobin levels were 

significantly higher in the TXA group (11.49 ± 0.97 g/dL) than 

in the placebo group (10.45 ± 0.97 g/dL) (p<0.001). 

Conclusion: Topical tranexamic acid is effective in reducing 

postoperative blood loss and preserving hemoglobin levels in 

patients undergoing open heart surgery. 

 

Keywords: Tranexamic Acid, Open Heart Surgery, 

Postoperative Bleeding, Hemoglobin Levels, Hemostatic 

Agents.  

 

 

Name of Author: 

Umar Zada1*, Muhammad Iqbal2, Syed 

Muhammad Ilyas Jan2 

 

Affiliation: 1PGR FCPS2 Cardiac Surgery, 
PIMS, Islamabad, Pakistan. 
2Associate Professor of Cardiac Surgery, 
Department of Cardiac Surgery PIMS, 
Islamabad, Pakistan. 
 

 

 

  

Corresponding Author: 
Umar Zada 

 

Received: 28-11-2025 

Revised:    17-12-2025 

Accepted:  23-12-2025 

Published: 30-12-2025 

 

 

 

 
This is an open access journal, and articles are 

distributed under the terms of the Creative 

Commons Attribution‑Noncommercial‑Share Alike 
4.0 License, which allows others to remix, tweak, 

and build upon the work non‑commercially, as long 

as appropriate credit is given and the new creations 
are licensed under the identical terms. 

 

INTRODUCTION 
Cardiovascular diseases (CVD) are the most common 

cause of death in patient. CVD covers a number of 

disorders e.g. coronary heart disease. World Health 

Organization reported about 17.9 million people died 

worldwide from these diseases, they represented 32% 

of all deaths. Most CVD can be prevented by 

decreased risk factors such as tobacco use, unhealthy 

life style. There are also other causes of CVDs. These 

are social, economic and cultural change, 

globalization, population ageing, poverty, stress and 

hereditary factors.1,2  
 

There are various ways for management of 

cardiovascular diseases, one of which is surgery, 

which leads to a reduction in mortality from this 

disease.3 Post-operative excessive bleeding is a 

complication of cardiac surgery. Excessive bleeding 

renders patients to increased morbidity and mortality. 

Therefore timely intervention is expected to decrease 

the mortality rates, decrease ICU and hospital stay, 

and lower wound infection rates. The risk associated 

with blood transfusion has increased the need for safer 

and alternative ways to preserve the blood of patients 

undergoing heart surgery like use of drugs such as 

aminocaproic acid, aprotinin and tranexamic acid.4,5 

Administration of Tranexamic acid reduces the 

number of blood transfusions or the return to theatre 

for bleeding in patients undergoing cardiac surgery. 
 

 Although it successfully reduce bleeding after cardiac 

surgery but it also increases the risk of 
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thromboembolic complications and consequently 

early graft closure in coronary artery bypass grafting is 

increased. So topical application of this drug in 

pericardial cavity after cardiac surgery was tried to 

avert most of these effects and effectively reduce 

postoperative bleeding.6  Ismail et al., gave 

tranexamic acid solution in the mediastinum and 

around the heart in one group and equal amount of 

normal saline (placebo) in the mediastinum and 

around the heart in other group after open heart 

surgery. The mean hemoglobin difference between the 

two groups after surgery was 2.10±1.55 in tranexamic 

acid group and 2.68±2.03 in normal saline (placebo) 

group. But the observations were not statistically 

significant.1 Hosseini et al., also gave tranexamic acid 

solution in the mediastinum and around the heart in 

one group and equal amount of normal saline 

(placebo) in the mediastinum and around the heart in 

other group after open heart surgery.  
 

The mean hemoglobin difference between the two 

groups after surgery was 2.21±1.29 in tranexamic acid 

group and 2.67±1.54 in normal saline (placebo) 

group. But the observations were not statistically 

significant.7 Tranexamic acid (TXA), a synthetic 

antifibrinolytic agent, has gained considerable 

attention for its role in reducing surgical bleeding. It 

acts by competitively inhibiting the activation of 

plasminogen to plasmin, thereby preventing fibrin 

degradation and stabilizing clot formation. 

Intravenous TXA has been widely studied and is 

routinely used in cardiac surgery to reduce blood loss 

and transfusion requirements. However, systemic 

administration is not without concerns, as it has been 

associated with potential adverse effects such as 

thromboembolic events and seizures, particularly at 

higher doses. These concerns have prompted interest 

in alternative routes of administration that may 

provide effective hemostasis while minimizing 

systemic exposure.  
 

Topical application of tranexamic acid has emerged as 

a promising strategy in this regard. By applying TXA 

directly to the surgical site, high local concentrations 

can be achieved with minimal systemic absorption, 

potentially reducing the risk of systemic side effects. 

Several studies in orthopedic, trauma, and general 

surgical settings have demonstrated the efficacy of 

topical TXA in reducing postoperative bleeding. 

However, its role in open heart surgery remains less 

well established, with limited evidence evaluating its 

effectiveness in controlling postoperative blood loss 

and preserving hemoglobin levels.  
 

Comparatively, placebo or standard saline application 

provides no antifibrinolytic effect and serves as a 

control to assess the true efficacy of topical TXA. 

Evaluating the mean change in hemoglobin levels 

between patients receiving topical TXA and those 

receiving placebo offers a direct and clinically relevant 

measure of its effectiveness in controlling 

postoperative bleeding. Hemoglobin levels serve as an 

objective indicator of blood loss and are routinely 

monitored in the postoperative period, making them a 

practical and reliable outcome measure. The present 

study aims to assess the efficacy of topical tranexamic 

acid on postoperative bleeding in patients undergoing 

open heart surgery in terms of decrease in the 

hemoglobin level. To the best of my knowledge, 

limited studies have been conducted till date to 

investigate the efficacy of tranexamic acid in cardiac 

surgeries.  
 

Objective 

To determine the mean change in hemoglobin level 

after topical application of tranexamic acid versus 

placebo in controlling postoperative bleeding in open 

heart surgery. 

 

METHODOLOGY 
This randomized controlled trial was conducted at the 

Department of Cardiac Surgery, Pakistan Institute of 

Medical Sciences (PIMS), Islamabad, from 27th 

August 2025 to 27th November 2025. A total of 300 

patients undergoing open-heart surgery were included 

in the study, with 150 in the tranexamic acid group 

and 150 in the placebo group. The sample size was 

calculated using the WHO sample size calculator, 

accounting for a mean postoperative hemoglobin 

difference of 2.10 ± 1.55 in the tranexamic acid group 

and 2.68 ± 2.03 in the placebo group, with a 

significance level of 5% and a power of 80%.  
 

A consecutive non-probability sampling technique 

was used to recruit patients meeting the inclusion 

criteria during the study period. Patients of either 

gender, aged between 30 and 80 years, undergoing 

first-time elective open heart surgery were included in 

the study. Patients undergoing surgery for congenital 

heart diseases, thoracic aorta procedures, redo 

surgeries, or emergency operations were excluded. 

Additionally, patients who had taken antiplatelet 

drugs such as aspirin or clopidogrel within seven days 

prior to surgery, as well as those with impaired renal 

function (creatinine clearance <30 mL/min), chronic 

liver disease, or known bleeding disorders, were 

excluded from the study. 
 

Data Collection  
Approval from the College of Physicians and 

Surgeons Pakistan (CPSP) and the Institutional 

Ethical Review Board was obtained prior to the 

commencement of the study. All eligible patients 

admitted to the cardiac surgery unit at PIMS 

Islamabad were enrolled after obtaining written 

informed consent for both the surgical procedure and 

participation in the research. Baseline socio-

demographic data, including age, gender, address, 

smoking status, and history of diabetes, were 

recorded.  
 

Clinical parameters such as hemoglobin level, 
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hematocrit, platelet count, and duration of disease 

were documented preoperatively. Patients were 

randomly allocated into two equal groups of 150 each. 

Group A received a solution containing 2.5 g of 

tranexamic acid diluted in 250 mL of normal saline, 

while Group B received an equal volume of normal 

saline as placebo. The operating surgeon was blinded 

to the allocation of the solution to ensure unbiased 

intervention. At the completion of the surgical 

procedure, after achieving meticulous hemostasis, the 

study solution at room temperature was applied 

topically into the pericardial cavity and over 

mediastinal tissues before sternal closure. 

Postoperatively, patients were shifted to the cardiac 

surgical intensive care unit (ICU) for monitoring. 

After 24 hours, hemoglobin level, hematocrit, and 

platelet count were reassessed. The duration of the 

surgical procedure was also recorded. The primary 

outcome, mean postoperative change in hemoglobin 

levels, was calculated for both groups. All collected 

data were entered into a structured proforma. 
 

Statistical Analysis 

Data were analyzed using SPSS version 25.0. 

Quantitative variables such as age, weight, operative 

time, and hemoglobin levels were expressed as mean 

± standard deviation (SD). Qualitative variables such 

as gender, smoking status, and diabetes were 

presented as frequencies and percentages. The mean 

difference in hemoglobin levels between the two 

groups was compared using the independent sample t-

test, with a p-value ≤0.05 considered statistically 

significant. Stratification was performed for potential 

effect modifiers including age, gender, diabetes status, 

weight, operative time, and smoking. Post-

stratification analysis was conducted using the Chi-

square test, with p ≤0.05 considered significant. 

Results were presented in the form of tables and 

graphical representations.

 

RESULTS 

Data were collected from 300 patients, mean age of patients was similar in both groups (55.25 ± 15.91 vs 55.35 ± 

14.37 years). Likewise, BMI values were nearly identical (25.19 ± 2.95 vs 25.01 ± 2.79 kg/m²). Preoperative 

hemoglobin levels showed no significant difference (13.69 ± 0.86 g/dL in TXA vs 13.53 ± 0.87 g/dL in placebo), 

suggesting comparable baseline hematological status. Platelet count and hematocrit were also similar between groups 

(252.3 ± 56.8 vs 249.7 ± 54.9 /µL and 40.2 ± 3.8% vs 39.8 ± 3.6%, respectively). The mean operative time was 

slightly lower in the TXA group (269.66 ± 54.76 minutes) compared to the placebo group (274.02 ± 52.43 minutes), 

though the difference was not significant. The distribution of gender, smoking status, and diabetes was also 

comparable, with males comprising 58.7% vs 56.7%, smokers 42.7% vs 45.3%, and diabetics 39.3% vs 42.0% in the 

TXA and placebo groups, respectively. 
 

Table 1: Baseline Demographic and Clinical Characteristics (n = 300) 

Variable Category 
TXA Group 

(n=150) 

Placebo Group 

(n=150) 

Age (years) — 55.25 ± 15.91 55.35 ± 14.37 

BMI (kg/m²) — 25.19 ± 2.95 25.01 ± 2.79 

Preoperative Hemoglobin (g/dL) — 13.69 ± 0.86 13.53 ± 0.87 

Platelet Count (/µL) — 252.3 ± 56.8 249.7 ± 54.9 

Hematocrit (%) — 40.2 ± 3.8 39.8 ± 3.6 

Operative Time (minutes) — 269.66 ± 54.76 274.02 ± 52.43 

Gender Male 88 (58.7%) 85 (56.7%) 

 Female 62 (41.3%) 65 (43.3%) 

Smoking Yes 64 (42.7%) 68 (45.3%) 

 No 86 (57.3%) 82 (54.7%) 

Diabetes Yes 59 (39.3%) 63 (42.0%) 

 No 91 (60.7%) 87 (58.0%) 
 

The mean hemoglobin drop was significantly lower in the TXA group (2.20 ± 0.43 g/dL) compared to the placebo 

group (3.08 ± 0.54 g/dL), with a mean difference of -0.88 g/dL (p<0.001), indicating reduced blood loss in the TXA 

group. Postoperative hemoglobin levels were significantly higher in the TXA group (11.49 ± 0.97 g/dL) compared 

to the placebo group (10.45 ± 0.97 g/dL), with a mean difference of +1.04 g/dL (p<0.001). Additionally, platelet 

counts were better preserved in the TXA group (222.5 ± 53.2 vs 208.6 ± 51.7 /µL, p=0.02), and hematocrit levels 

were also significantly higher (35.9 ± 3.4% vs 33.8 ± 3.5%, p=0.001), further supporting improved hemostatic control 

with TXA. 
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Table 2: Comparison of Hematological Outcomes Between Groups 

Variable 
TXA Group  

(Mean ± SD) 

Placebo Group 

(Mean ± SD) 

Mean 

Difference 
p-value 

Hemoglobin Change (g/dL) 2.20 ± 0.43 3.08 ± 0.54 -0.88 <0.001 

Postoperative Hemoglobin (g/dL) 11.49 ± 0.97 10.45 ± 0.97 +1.04 <0.001 

Platelets Postoperative (/µL) 222.5 ± 53.2 208.6 ± 51.7 +13.9 0.02 

Hematocrit Postoperative (%) 35.9 ± 3.4 33.8 ± 3.5 +2.1 0.001 
 

 
 

Preoperative hemoglobin levels were comparable (13.69 ± 0.86 vs 13.53 ± 0.87 g/dL, p=0.12), but postoperative 

levels showed a significant difference favoring the TXA group (11.49 ± 0.97 vs 10.45 ± 0.97 g/dL, p<0.001). 

Similarly, postoperative platelet counts were higher in the TXA group (222.5 ± 53.2 vs 208.6 ± 51.7 /µL, p=0.02) 

despite similar baseline values. Hematocrit levels followed the same pattern, with significantly higher postoperative 

values in the TXA group (35.9 ± 3.4% vs 33.8 ± 3.5%, p=0.001). \ 
 

Table 3: Pre- and Postoperative Comparison within Groups 

Variable Time Point 
TXA Group 

(Mean ± SD) 

Placebo Group 

(Mean ± SD) 
p-value 

Hemoglobin (g/dL) Preoperative 13.69 ± 0.86 13.53 ± 0.87 0.12 

 Postoperative 11.49 ± 0.97 10.45 ± 0.97 <0.001 

Platelets (/µL) Preoperative 252.3 ± 56.8 249.7 ± 54.9 0.67 

 Postoperative 222.5 ± 53.2 208.6 ± 51.7 0.02 

Hematocrit (%) Preoperative 40.2 ± 3.8 39.8 ± 3.6 0.41 

 Postoperative 35.9 ± 3.4 33.8 ± 3.5 0.001 
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DISCUSSION  
The present study was conducted to evaluate the effect 

of topical tranexamic acid (TXA) on postoperative 

bleeding by assessing the mean change in hemoglobin 

levels in patients undergoing open heart surgery. The 

findings demonstrated that patients receiving topical 

TXA experienced significantly less reduction in 

hemoglobin levels compared to those receiving 

placebo, indicating better control of postoperative 

bleeding. This highlights the effectiveness of topical 

antifibrinolytic therapy as a blood conservation 

strategy in cardiac surgery.  
 

In this study, the mean hemoglobin drop was 

significantly lower in the TXA group (2.20 ± 0.43 

g/dL) compared to the placebo group (3.08 ± 0.54 

g/dL), with a highly significant p-value (<0.001). This 

finding suggests that topical TXA effectively reduces 

perioperative blood loss, likely due to its mechanism 

of inhibiting fibrinolysis at the surgical site. Similar 

results have been reported in previous research, where 

antifibrinolytic agents significantly reduced 

postoperative bleeding and preserved hemoglobin 

levels. The magnitude of difference observed in this 

study further strengthens the evidence supporting the 

use of TXA in cardiac surgery. 
 

Postoperative hemoglobin levels were also 

significantly higher in the TXA group compared to the 

placebo group, reinforcing the role of TXA in 

maintaining hematological stability. Preservation of 

hemoglobin is clinically important, as it reduces the 

need for blood transfusions, which are associated with 

risks such as transfusion reactions, infections, and 

increased postoperative morbidity. Previous research 

has similarly demonstrated that the use of tranexamic 

acid is associated with reduced transfusion 

requirements and improved postoperative outcomes. 
 

The study also demonstrated that platelet count and 

hematocrit levels declined in both groups following 

surgery, which is expected due to the effects of 

cardiopulmonary bypass and surgical blood loss. 

However, the decline was less pronounced in the TXA 

group, suggesting that TXA may contribute to better 

preservation of overall hemostatic function.  
 

This observation aligns with previous research 

indicating that antifibrinolytic agents help stabilize 

clot formation and reduce excessive bleeding. 

Another important observation was that baseline 

characteristics, including age, BMI, preoperative 

hemoglobin levels, and operative time, were 

comparable between the two groups. This indicates 

that the observed differences in outcomes were likely 

due to the intervention rather than confounding 

factors. The randomization process ensured 

homogeneity of the study population, thereby 

enhancing the internal validity of the study. 

The findings of this study are consistent with the 

known pathophysiology of bleeding in cardiac 

surgery. Cardiopulmonary bypass is associated with 

activation of fibrinolysis, leading to increased 

breakdown of fibrin clots and persistent postoperative 

bleeding. By locally inhibiting plasmin activity, 

topical TXA helps maintain clot integrity at the 

surgical site, thereby reducing blood loss. This 

targeted mechanism of action makes topical TXA 
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particularly advantageous, as it achieves effective 

hemostasis with minimal systemic exposure. 
 

Compared to intravenous administration, topical 

application of TXA offers additional benefits, 

including reduced risk of systemic side effects such as 

thromboembolic events and seizures. This is 

especially relevant in high-risk cardiac patients, where 

minimizing systemic drug exposure is desirable. 

Previous research has highlighted the safety profile of 

topical TXA, supporting its use as an alternative or 

adjunct to systemic administration. The clinical 

implications of this study are significant. The use of 

topical TXA can be easily incorporated into routine 

surgical practice without requiring additional 

resources or complex protocols. It is cost-effective, 

simple to administer, and associated with improved 

patient outcomes. By reducing postoperative bleeding 

and preserving hemoglobin levels, TXA may 

contribute to shorter hospital stays, reduced need for 

transfusion, and overall better recovery. 
 

Limitations 
This study has certain limitations that should be 

acknowledged. Being a single-center study, the 

findings may have limited generalizability to other 

populations and healthcare settings with different 

surgical practices. The follow-up period was restricted 

to 24 hours postoperatively, which does not allow 

assessment of long-term outcomes such as delayed 

bleeding, thromboembolic complications, or overall 

recovery.  
 

The study primarily evaluated hemoglobin change as 

the main outcome and did not include other important 

indicators of bleeding such as chest tube drainage, 

transfusion requirements, or re-exploration rates, 

which could provide a more comprehensive 

assessment. Although randomization was performed, 

unmeasured confounding factors such as variations in 

surgical technique, cardiopulmonary bypass duration, 

and perioperative management may still have 

influenced the results.  
 

Additionally, the exclusion of high-risk patients, 

including those with renal or liver disease and those 

undergoing emergency or redo surgeries, limits the 

applicability of the findings to broader clinical 

populations. Lastly, despite efforts to blind the 

operator, the absence of strict double-blinding may 

introduce a risk of observer bias. 

 

CONCLUSION  
It is concluded that the topical application of 

tranexamic acid significantly reduces postoperative 

blood loss in patients undergoing open heart surgery, 

as evidenced by a smaller decline in hemoglobin levels 

compared to placebo. Patients in the tranexamic acid 

group demonstrated better preservation of 

postoperative hemoglobin along with improved 

hematological stability, indicating more effective 

control of bleeding. Given its targeted mechanism, 

ease of application, and favorable safety profile, 

topical tranexamic acid appears to be a valuable 

adjunct in perioperative blood management. 
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