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ABSTRACT 

Introduction: Cardiopulmonary bypass (CPB) is essential in cardiac surgery, but it can lead to complications such as bleeding and prolonged 

recovery. Activated clotting time (ACT) is crucial for anticoagulation management during CPB. Elevated post-bypass ACT values have been 

associated with increased postoperative complications, including bleeding, transfusion needs, and prolonged recovery.  

Objective: To determine the impact of pre- and post-bypass ACT on postoperative recovery, specifically focusing on ICU stay, mechanical 

ventilation, transfusions, and bleeding events. 

Methodology: This retrospective cohort study was conducted at the Peshawar Institute of Cardiology, Peshawar Pakistan from June 2023 to 

July 2024, including 250 patients aged 18 years and older undergoing elective cardiac surgery with CPB. Data were collected from patient 

records, analyzing pre- and post-bypass ACT, CPB duration, and postoperative recovery parameters. Statistical analysis was conducted using 

SPSS version 25 with p< 0.05 considered statistically significant. 

Results: A total of 250 patients were included, with a median age of 56 years. Among CPB patients, 77(30.8%) had a post-bypass ACT≥140 

seconds. A significant association was observed between post-bypass ACT≥140 seconds and several adverse postoperative outcomes like, 

longer mechanical ventilation (p<0.0001), prolonged ICU stays (p<0.0001), increased transfusion rates (p=0.039) and major bleeding events 

(p<0.0001). The logistic regression model showed post-bypass ACT as a significant predictor for prolonged ICU (OR=1.099, p<0.001) and 

ventilation stays (OR=1.018, p=0.003). 

Conclusion: Elevated post-bypass ACT was associated with prolonged ICU and mechanical ventilation stays, increased transfusion 

requirements, and major bleeding events. Given the retrospective single-center design, these findings should be considered hypothesis-

generating and require prospective multicenter validation. 
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INTRODUCTION 

Cardiopulmonary bypass (CPB) is a cornerstone of cardiac 

surgery, enabling surgeons to operate on a still heart by 

temporarily assuming the function of the heart and lungs. By 

maintaining organ perfusion and oxygenation during procedures 

such as coronary artery bypass grafting and valve repairs, CPB 

ensures hemodynamic stability in complex surgeries. However, 

the technique is not without risks, including complications like 

acute kidney injury (AKI). Extracorporeal circulation, the key 

mechanism of CPB, diverts blood through an oxygenating 

machine before pumping it back into the body, providing critical 

access to the heart.1 Continuous monitoring of blood gases and 

other vital parameters is essential to minimize complications and 

maintain stability throughout the procedure.2 Prolonged CPB 

times and compromised blood flow further elevate the risk of 

AKI, emphasizing the need for strategies to mitigate renal 

impairment.3,4 

Activated Clotting Time (ACT) is central to managing 

anticoagulation during CPB, reflecting the efficacy of heparin 

and serving as a marker for potential postoperative 

complications like bleeding and transfusion requirements. 

Elevated ACT values (≥140 seconds) are associated with higher 

risks of postoperative bleeding, especially when coupled with 

extended CPB durations.5 Factors such as temperature changes, 

hemodilution, and the type of CPB circuit significantly influence 

ACT. Cooling during aortic cross-clamping prolongs ACT by 

reducing enzymatic activity, while rewarming to normothermia 

decreases ACT as metabolic rates normalize.6 Similarly, 

hemodilution during CPB extends ACT, indicating increased 

anticoagulation levels, whereas heparin-coated circuits yield 

shorter ACT values compared to non-coated ones, enabling 

more effective anticoagulation management.7 Advanced 

monitoring systems like ROTEM enhance the identification of 

coagulopathy, including hypofibrinogenemia, and provide 

additional insights into ACT variability.8 

Pre-bypass ACT establishes a baseline for anticoagulation prior 

to heparin administration, while post-bypass ACT reflects 

dynamic physiological changes during surgery. Tailored 

heparinization protocols guided by ACT measurements can 

optimize anticoagulation management, reducing heparin and 

protamine dosages and mitigating risks such as excessive blood 

loss and transfusion needs.9,10 However, variability in ACT 

measurements across devices underscores the importance of 

standardized protocols to ensure consistency in patient care.11 

Preoperative heparin administration may diminish ACT 

response, complicating intraoperative management. Factors 

such as age, heart failure, and platelet count further influence 

heparin activity, necessitating individualized dosing 

strategies.12,13 Postoperative recovery is often characterized by 

elevated thrombin generation and fibrinolytic activity, which 

can prolong recovery times and highlight the need for refined 

anticoagulation strategies.14,15 Alternative monitoring methods, 

such as high-dose thrombin time, may complement ACT in 

providing a more accurate assessment of anticoagulation, 

particularly in patients with preoperative heparin exposure or 

during hypothermic conditions.16 These approaches reinforce 

the importance of personalized anticoagulation management in 

optimizing recovery outcomes for CPB patients. 

Therefore, this study aimed to evaluate the association of pre- 

and post-bypass ACT with postoperative recovery outcomes 

among adult patients undergoing elective cardiac surgery with 

CPB, with particular emphasis on ICU stay, mechanical 

ventilation, transfusion requirements, and major bleeding 

events. 

METHODOLOGY 

This retrospective cohort study was conducted in the 

Department of Cardiac Surgery, Peshawar Institute of 

Cardiology (PIC), Peshawar Pakistan. Ethical approval was 

obtained from the Institutional Review Board (IRB) Committee 

of Peshawar Institute of Cardiology (Reference number 

IRC/24/126, dated 13 November 2024). This study was 

conducted and reported in accordance with the Strengthening 

the Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines. 

The study included patients aged 18 years or older who 

underwent elective cardiac surgery with cardiopulmonary 

bypass (CPB) between June 2023 and July 2024. Eligible 

patients were identified retrospectively from hospital medical 

records and included if complete perioperative and 

postoperative data were available. Patients were excluded if they 

underwent emergency cardiac surgery, had end-stage renal 

disease requiring dialysis, had known congenital or acquired 

coagulation disorder, were on chronic therapeutic 

anticoagulation therapy before surgery, or had incomplete 

medical records or missing critical variables essential for 

analysis.  

A known coagulation disorder was defined as a documented 

congenital or acquired disorder of hemostasis, such as 

hemophilia or another clinically diagnosed bleeding or clotting 

disorder. Chronic anticoagulation therapy was defined as 

documented therapeutic use of oral or parenteral anticoagulant 

medication before the index cardiac surgery. 

The data for this study were sourced from patient records 

accessed through the HMIS system, encompassing a range of 

key variables. Demographic information included age, gender, 

and BMI, while coagulation metrics comprised pre-bypass 

activated clotting time (ACT), post-bypass ACT, and 

intraoperative changes in ACT. Intraoperative change in ACT 

was calculated as the difference between post-bypass ACT and 

pre-bypass ACT (post-bypass ACT−pre-bypass ACT), 

representing the change in ACT from before initiation of 

cardiopulmonary bypass to completion of the bypass period. 

Intraoperative variables included the duration of 

cardiopulmonary bypass (CPB), the administered heparin dose 

and any intraoperative complications observed. 

ACT was measured using a standard point-of-care activated 

clotting time (ACT) analyzer with a kaolin- or celite-activated 

ACT cartridge/tube according to the manufacturer’s 

instructions. Pre-bypass ACT was measured before systemic 

heparin administration. Following initiation of CPB, ACT was 

monitored according to the institutional protocol to ensure 
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adequate anticoagulation. Post-bypass ACT was measured after 

separation from CPB and following protamine administration 

for heparin reversal, before transfer from the operating room. 

Protamine was administered according to the institutional CPB 

anticoagulation protocol following separation from 

cardiopulmonary bypass. The initial protamine dose was 

calculated based on the total heparin dose administered during 

CPB, with approximately 1 mg of protamine used to neutralize 

100 units of heparin. Protamine was administered slowly 

following completion of CPB. Post-protamine ACT was 

assessed approximately 5–10 minutes after protamine 

administration to evaluate the adequacy of heparin reversal. 

Additional protamine was administered when indicated by a 

persistently elevated ACT or evidence of residual heparin effect, 

according to institutional criteria. 

The study evaluated ACT, CPB duration, and postoperative 

recovery parameters to assess their impact on outcomes. ACT 

was recorded pre-bypass (baseline ACT) and post-bypass (final 

ACT), with a final ACT of ≥140 seconds identified as elevated 

and associated with increased bleeding risks and prolonged 

recovery. CPB duration was categorized as standard (≤180 

minutes) or prolonged (>180 minutes), with extended durations 

linked to higher risks of postoperative complications, including 

increased bleeding and longer ICU stays. Postoperative recovery 

was assessed through indicators such as ICU length of stay (in 

hours), mechanical ventilation duration (in hours), and total 

hospital stay (in days).  

Prolonged mechanical ventilation was defined as mechanical 

ventilation exceeding 24 hours after surgery. Prolonged ICU 

stay was defined as an ICU stay exceeding 48 hours, while 

prolonged hospital stay was defined as hospitalization exceeding 

7 days after surgery. Postoperative transfusion was defined as 

receipt of any allogeneic blood product, including packed red 

blood cells, fresh frozen plasma, platelets, or cryoprecipitate, 

during the postoperative period until hospital discharge. Major 

bleeding was defined as clinically significant postoperative 

bleeding requiring re-exploration, substantial blood product 

transfusion, or other intervention for bleeding control, based on 

the institutional postoperative cardiac surgery criteria. 

A total of 250 patients were included in the final analysis. There 

were no missing values for the variables included in the 

statistical analyses. 

Statistical analysis was conducted using SPSS version 25. 

Continuous variables like age, BMI, pre and post-bypass ACT 

values, CPB duration, mechanical ventilation time, ICU 

duration and overall hospital stay, were assessed for normality 

using the Shapiro–Wilk test. Normally distributed continuous 

variables were summarized as mean ± standard deviation (SD), 

whereas non-normally distributed continuous variables were 

summarized as median (IQR). Categorical variables were 

presented as frequencies and percentages. Associations between 

categorical variables were assessed using the Pearson chi-square 

test or Fisher's exact test, as appropriate. Binary logistic 

regression analyses were performed separately for two 

postoperative outcomes: prolonged ICU stay (>48 hours) and 

prolonged mechanical ventilation (>24 hours). Age, gender, pre-

bypass ACT, and post-bypass ACT were entered as predictor 

variables based on their clinical relevance and their prespecified 

relevance to the study objectives. Odds ratios (ORs) with 95% 

confidence intervals (CIs) were reported. A p-value <0.05 was 

considered statistically significant. 

RESULTS 

The study included 250 patients, with a mean age of 56 years 

(IQR = 20), and an age range from 22 to 90 years. The median 

duration of cardiopulmonary bypass (CPB) was 108.22 minutes, 

with a range from 45 to 300 minutes. The median duration of 

mechanical ventilation was 48 hours, with a range of 24 to 77 

hours, while the median ICU stay was also 48 hours, ranging 

from 24 to 96 hours. The median hospital stay was 6 days, with 

a minimum of 3 days and a maximum of 8 days.  

Table 1: Patients demographics and clinical characteristics 

Variables Category 
Frequency 

n (%) 

Age Category  

(years) 

< 40  44 (17.6) 

40-60  110 (44.0) 

> 60  96 (38.4) 

Gender 
Female 61 (24.4) 

Male 189 (75.6) 

CPB Duration  

(minutes) 

00-60  10 (4.0) 

60-120  159 (63.6) 

120-180  59 (23.6) 

180-240  14 (5.6) 

240-300  8 (3.2) 

Post-Bypass ACT 

(seconds) 

ACT < 140  173 (69.2) 

ACT ≥ 140  77 (30.8) 

Pre-Bypass ACT 

(seconds) 

ACT < 140  227 (90.8) 

ACT ≥ 140  23 (9.2) 

Hemoglobin Level Post-Bypass 

(g/dL) 

< 8 46 (18.4) 

≥ 8 204 (81.6) 

Transfusion Yes 30 (12.0) 

Major Bleeding Event Yes 24 (9.6) 

p<0.05 considered statistically significant 
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Table 2: Baseline and perioperative characteristics according to post-bypass ACT category 

Variables Categories 
ACT <140 sec 

(n=173) 

ACT ≥140 sec 

(n=77) 
p-value 

Age (years)   Mean ± SD 55.6 ± 11.8 56.9 ± 12.4 0.421 

Gender 

 n (%) 

Male 129 (74.6) 60 (77.9) 0.557 

Female 44 (25.4) 17 (22.1) 0.557 

Pre-bypass ACT (sec)  Median (IQR) 126 (18) 132 (21) 0.018 

 

 

 

CPB duration  

n (%) 

00-60 min  
6 (3.5) 

 

4 (5.2) 

 

 

 

 

0.008 
60-120 min  

111 (64.2) 

 

48 (62.3) 

 

120-180 min  
45 (26.0) 

 

14 (18.2) 

 

180-240 min  
4 (2.3) 

 

10 (13.0) 

 

240-300 min  7 (4.0) 1 (1.3) 

p<0.05 considered statistically significant 

Table 1 presents that 110 (44%) patients were aged 40-60 years, 

and the majority were male (n=189; 75.6%). CPB durations 

primarily ranged from 60 to 120 minutes (159 (63.6%)) and 227 

(90.8%) patients had pre-bypass ACT levels below 140 seconds. 

Following bypass, 173 (69.2%) patients had ACT levels below 

140 seconds, and 204 (81.6%) patients maintained hemoglobin 

levels above 8 g/dL. 

Table 2 shows that the two post-bypass ACT groups were 

similar in age and sex distribution, with no statistically 

significant differences (p=0.421 and p=0.557, respectively). 

However, the pre-bypass ACT was significantly higher in 

patients with post-bypass ACT ≥140 seconds compared with 

those <140 seconds (median 132 vs. 126 seconds, p=0.018). 

CPB duration also differed significantly between groups 

(p=0.008), with a greater proportion of patients in the ≥140-

second group having CPB durations of 180–240 minutes. 

Table 3 illustrates the association of post-activated clotting time 

(ACT) with patient outcomes. Patients with post-bypass ACT 

≥140 seconds had a higher proportion of mechanical ventilation 

exceeding 24 hours compared with patients with ACT <140 

seconds (p < 0.0001). Similarly, ICU stays longer than 48 hours 

were significantly more frequent in patients with post-ACT ≥ 

140 seconds than in those with post-ACT < 140 seconds (p< 

0.0001). Hospital stays longer than one week were relatively 

rare, with no significant difference between groups. 

Transfusions (p = 0.039) and major bleeding events (p <0.001) 

were significantly more frequent in patients with post-ACT ≥ 

140 seconds. Regarding CPB duration, most patients with post-

ACT < 140 seconds had durations between 60-120 minutes, 

while patients with post-ACT ≥ 140 seconds showed more 

variability (Table 3). These findings highlight that a post-ACT 

≥ 140 seconds is associated with longer ventilation and ICU 

stays, a higher frequency of transfusions and major bleeding 

events, and greater variability in CPB duration. 

Table 3: Association of post ACT with patients’ outcome 

Variables Category 
ACT < 140 sec 

n (%) 

ACT ≥ 140 sec 

n (%) 
p-value 

Ventilation Stay 

(hours) 

≤ 24  71 (41.0) 14 (18.2) 
<0.0001 

> 24  102 (59.0) 63 (81.2) 

Long ICU Stay (hours) 
≤ 48  163 (94.2) 8 (10.4) 

<0.0001 
> 48  10 (5.8) 69 (89.6) 

Hospital Stay Category 
One week 172 (99.4) 75 (97.4) 

0.225 
> One week 1 (0.6) 2 (2.6) 

Transfusion 16 (9.2) 14 (18.2) 0.039 

Major Bleeding Event 7 (4.0) 17 (22.1) <0.001 

CPB Duration 

(minutes) 

00-60  6 (3.5) 4 (5.2) 

0.008 

60-120  111 (64.2) 48 (62.3) 

120-180  45 (26.0) 14 (18.2) 

180-240  4 (2.3) 10 (13.0) 

240-300  7 (4.0) 1 (1.3) 

p<0.05 considered statistically significant 
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Table 4: Logistic regression model to predict mechanical ventilation stay and ICU stay based on pre- and post-bypass ACT levels 

Independent variable predictors B Exp (B) 95% CI p-value 

Length of ICU stay 

Age -0.006 0.994 0.969 - 1.019 0.617 

Gender 0.283 1.327 0.565 - 3.117 0.516 

ACT post-bypass 0.094 1.099 1.073 - 1.124 <0.001 

ACT Pre-bypass 0.012 1.012 0.991 - 1.034 0.258 

Mechanical 

ventilation stay 

Age -0.003 0.997 0.980 - 1.014 0.715 

Gender (1) 0.114 1.121 0.593 - 2.117 0.725 

ACT post bypass 0.018 1.018 1.006 - 1.030 0.003 

ACT pre-bypass 0.009 1.009 0.995 - 1.024 0.217 

p<0.05 considered statistically significant 

Table 5: Sensitivity analysis with additional adjustment for CPB duration 

Predictor 
Prolonged ICU stay (>48 h) 

Adjusted OR (95% CI) 
p-value 

Prolonged mechanical ventilation (>24 

h) Adjusted OR (95% CI) 
p-value 

Age 0.995 (0.969–1.021) 0.690 0.997 (0.980–1.015) 0.730 

Gender 1.315 (0.556–3.109) 0.530 1.108 (0.584–2.103) 0.752 

Pre-bypass ACT 1.011 (0.990–1.033) 0.292 1.008 (0.994–1.023) 0.251 

CPB duration 1.012 (1.003–1.021) 0.009 1.015 (1.006–1.025) 0.002 

Post-bypass ACT 1.087 (1.059–1.116) <0.001 1.016 (1.004–1.029) 0.009 

p<0.05 considered statistically significant 

Table 4 present the logistic regression analysis with post-bypass 

activated clotting time (ACT) as the only statistically significant 

predictor in both models. For ICU stay exceeding 48 hours, ACT 

post-bypass showed an odds ratio (OR) of 1.099 (95% CI: 

1.073–1.124, p < 0.001), indicating that each unit increase in 

ACT post-bypass increases the odds of prolonged ICU stay by 

9.9%. Age, gender, and pre-bypass ACT were not statistically 

significant predictors of ICU duration. The model demonstrated 

a correct classification rate of 89.6%, reflecting a modest 

predictive capability. Similarly, for mechanical ventilation 

exceeding 24 hours, ACT post-bypass was the sole significant 

predictor, with an OR of 1.018 (95% CI: 1.006–1.030, p=0.003). 

This suggests that each unit increase in ACT post-bypass 

increases the odds of prolonged ventilation by 1.8%. Age, 

gender, and pre-bypass ACT did not significantly influence 

ventilation duration. The model’s predictive accuracy for 

ventilation duration was modest, with a correct classification 

rate of 63.6%. 

Table 5 indicates that age, gender, and pre-bypass ACT were not 

significantly associated with either prolonged ICU stay or 

prolonged mechanical ventilation (p>0.05). CPB duration was 

significantly associated with both outcomes: prolonged ICU 

stay (p=0.009) and prolonged mechanical ventilation (p=0.002). 

Post-bypass ACT remained significantly associated with both 

outcomes after adjustment for CPB duration (Table 5).  

DISCUSSION 

The present study explored the impact of pre- and post-bypass 

activated clotting time (ACT) on postoperative recovery in 

patients undergoing cardiopulmonary bypass (CPB) procedures. 

The findings demonstrate that post-bypass ACT is a significant 

predictor of critical recovery outcomes, including ICU and 

mechanical ventilation durations, transfusion requirements, and 

the incidence of major bleeding events. In contrast, pre-bypass 

ACT showed limited predictive value for these parameters. 

Prolonged mechanical ventilation has been consistently 

associated with complications such as pulmonary atelectasis, 

often resulting from extended surgical durations and suboptimal 

ventilation management during cardiopulmonary bypass (CPB) 

procedures.17 The study findings align with this observation, 

demonstrating a significant correlation between elevated post-

bypass ACT (≥140 seconds) and prolonged mechanical 

ventilation times exceeding 24 hours. This suggests that 

anticoagulation imbalances during CPB may exacerbate 

postoperative respiratory complications. 

Similarly, extended ICU stays have been frequently linked to 

prolonged CPB durations and elevated ACT, both of which 

increase the likelihood of complications and escalate resource 

utilization.5,18,19 The findings of this study corroborate these 

insights, as patients with elevated post-bypass ACT were 

significantly more likely to require ICU stays exceeding 48 

hours. These results emphasize the need for meticulous 

anticoagulation management to minimize complications and 

optimize resource efficiency. 

Conversely, some studies highlight that while elevated ACT is a 

significant predictor of adverse outcomes, other variables, 

including surgical technique, patient comorbidities, and 

intraoperative management strategies, also critically influence 

postoperative recovery and ICU duration.19,20 This broader 

perspective underscores the multifactorial nature of recovery 

outcomes, suggesting that ACT management should be 

integrated with individualized perioperative strategies to 

achieve optimal patient recovery. The current study reinforces 

this holistic approach, advocating for tailored interventions that 

account for both coagulation profiles and patient-specific 

factors. 

ACT is widely recognized as a significant predictor of 

postoperative bleeding and transfusion requirements across 

various clinical settings, particularly in cardiac surgeries and 

percutaneous coronary interventions (PCI). Studies have 

demonstrated that patients with ACT values ≥ 140 seconds 

exhibit significantly higher bleeding rates and increased need for 

transfusion, with odds ratios highlighting a nearly two-fold risk.5 
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Similarly, in transfemoral PCI, major bleeding was notably 

associated with maximal ACT > 290 seconds (7.7% vs. 5.8%; 

p=0.006), although this relationship was not observed in 

transradial PCI, underscoring the procedural context as a critical 

factor.21 Additionally, acquired factor XIII deficiency, 

commonly seen in ECMO patients, has been linked to a higher 

incidence of major bleeding and elevated transfusion 

requirements.22 

This study further corroborates these findings, revealing a strong 

association between elevated post-bypass ACT and increased 

rates of major bleeding events and transfusion needs. Patients 

with ACT ≥ 140 seconds experienced significantly higher 

bleeding rates (22.1% vs. 4.0%, p < 0.001) and greater 

transfusion requirements (18.2% vs. 9.2%, p=0.039). These 

results emphasize the importance of balancing anticoagulation 

protocols to minimize bleeding risks while ensuring procedural 

efficacy. While ACT is a critical marker, other factors such as 

surgical techniques and patient-specific variables also play a 

vital role in determining outcomes, highlighting the complexity 

of managing bleeding risks in clinical practice. 

While pre-bypass ACT measurements serve as a baseline for 

anticoagulation, their limited predictive value for recovery 

outcomes in the present study is notable. This finding may 

reflect the dynamic physiological changes occurring during 

CPB, including hemodilution and temperature modulation, 

which overshadow baseline coagulation status. Moreover, the 

high proportion of patients with pre-bypass ACT values below 

140 seconds (90.8%) suggests that preoperative heparin dosing 

was generally well-controlled, minimizing its impact on 

postoperative outcomes. These results support the notion that 

intraoperative factors play a more critical role in determining 

recovery trajectories. 

The influence of intraoperative management, particularly 

anticoagulation strategies, appears more critical to recovery 

outcomes than demographic factors like age and gender, which 

are not significant predictors of ICU or ventilation durations. 

Studies have identified clinical interventions, such as admission 

diagnosis, treatment modalities, and severity of illness scores, as 

primary determinants of ventilation duration, alongside factors 

like medication complexity and site-specific ICU practices.23,24 

While demographic factors are generally less impactful, certain 

contexts, such as COVID-19, highlight their relevance, with 

older patients and those with comorbidities experiencing 

prolonged ventilation durations.25 The findings of this study 

align with these observations, as age and gender did not 

significantly predict ICU or ventilation outcomes in the logistic 

regression models, reinforcing the dominance of intraoperative 

management in shaping recovery trajectories. However, the role 

of age-related vascular and coagulation changes in influencing 

outcomes merits further exploration in larger, stratified cohorts. 

This study findings highlight the need for precise heparin and 

protamine dosing to prevent adverse outcomes. Limitations 

include the retrospective design and single-center data, which 

limit causality and generalizability. Future multicenter studies 

are needed to confirm these results and explore alternative 

coagulation markers for improved management strategies. 

ACT also has important limitations as a standalone measure of 

anticoagulation. ACT values may be influenced by hypothermia, 

hemodilution, platelet abnormalities, coagulation factor 

deficiencies, and the specific analyzer and activator used. 

Therefore, ACT may not fully reflect the patient's overall 

hemostatic status or distinguish residual heparin effect from 

other causes of prolonged clotting time. Complementary 

approaches, including anti-factor Xa assessment or viscoelastic 

testing such as thromboelastography or rotational 

thromboelastometry, may provide additional information in 

selected patients. 

LIMITATIONS 

This study has several limitations. First, its retrospective single-

center design limits causal inference and generalizability to 

other cardiac surgery populations. Second, selection bias and 

residual confounding cannot be excluded, particularly because 

factors such as surgical technique, transfusion practices, 

perioperative management, and severity of illness may influence 

postoperative outcomes. Third, ACT is influenced by multiple 

physiological and technical factors, and the study did not include 

complementary coagulation measures such as anti-factor Xa 

levels, platelet function testing, or viscoelastic assays. 

Variations in anticoagulation and protamine administration may 

also have influenced post-bypass ACT. Finally, the 

observational nature of the study prevents determination of 

whether elevated post-bypass ACT directly contributes to 

adverse outcomes. Prospective multicentre studies using 

standardized ACT measurement and anticoagulation protocols 

are needed to validate these findings.  

CONCLUSION 

Elevated post-bypass ACT was associated with prolonged ICU 

and mechanical ventilation stays, increased transfusion 

requirements, and major bleeding events, whereas pre-bypass 

ACT showed limited association with postoperative recovery 

outcomes. These findings are hypothesis-generating and should 

be validated in prospective multicenter studies using 

standardized anticoagulation and ACT monitoring protocols.
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