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Background: Coronary artery bypass grafting (CABG) remains 

an effective treatment for advanced coronary artery disease; 

however, early graft dysfunction continues to affect postoperative 

outcomes. Current intraoperative graft assessment methods mainly 

evaluate graft performance after completion of anastomosis, while 

the potential influence of continuous intraoperative hemodynamic 

fluctuations remains insufficiently explored.  

Objective: This study aimed to evaluate the association between 

minute-to-minute intraoperative micro-hemodynamic variability 

and early graft patency following CABG. 

Study Type: Prospective observational cohort study 

Methods: A prospective observational cohort study was 

conducted at a tertiary cardiac care hospital in Peshawar, Pakistan. 

Adult patients undergoing isolated CABG were included. 

Continuous arterial pressure recordings were collected throughout 

the surgical procedure, and intraoperative hemodynamic 

variability was assessed using mean arterial pressure (MAP) 
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fluctuations, frequency of hypotensive episodes, and cumulative 

duration of reduced perfusion pressure. After completion of 

grafting, transit-time flow measurement (TTFM) was performed 

to evaluate graft function using mean graft flow, pulsatility index, 

and diastolic filling percentage. Associations between 

intraoperative hemodynamic parameters and early graft 

dysfunction were analyzed using appropriate statistical methods. 

Results: A total of 120 patients were included in the analysis. 

Patients with early graft dysfunction demonstrated significantly 

higher MAP variability compared with those with satisfactory 

graft function (10.1 ± 2.8 vs. 6.3 ± 2.2 mmHg, p < 0.001). Greater 

hemodynamic fluctuation was associated with reduced mean graft 

flow, increased pulsatility index, and lower diastolic filling 

percentage. After adjustment for clinical and operative variables, 

increased MAP variability remained independently associated 

with early graft dysfunction (adjusted OR 1.18, 95% CI 1.06–1.32, 

p = 0.003). 

Conclusion: Intraoperative micro-hemodynamic instability may 

represent an important and potentially modifiable factor 

influencing early graft performance after CABG. Continuous 

assessment of blood pressure variability combined with routine 

graft flow evaluation may improve identification of patients at risk 

of early graft dysfunction and support more individualized 

intraoperative management strategies. 

INTRODUCTION 

Impact of Intraoperative Micro-Hemodynamic Fluctuations on Early Graft Patency After 

Coronary Artery Bypass Surgery 

Coronary artery bypass grafting (CABG) remains one of the most frequently performed cardiac 

surgical procedures worldwide for patients with complex coronary artery disease. Despite 

continuous improvements in surgical techniques, anesthesia management, cardiopulmonary 

bypass technology, and postoperative care, early graft dysfunction continues to influence short-

term outcomes after CABG. A technically successful anastomosis does not always guarantee 

immediate graft function because the newly constructed graft is exposed to rapidly changing 

physiological conditions during surgery, including variations in arterial pressure, blood flow, 
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vascular resistance, myocardial demand, and mechanical factors (Fitzgibbon et al., 1996; Neumann 

et al., 2019). 

Early graft failure after CABG is clinically important because it may result in perioperative 

myocardial ischemia, low cardiac output syndrome, prolonged intensive care admission, and 

increased risk of adverse cardiovascular events. Previous studies have demonstrated that graft 

quality, conduit selection, anastomotic accuracy, and target vessel characteristics are important 

determinants of graft patency. However, increasing attention is now being given to the role of 

intraoperative physiological conditions that may influence graft performance immediately after 

implantation (Harskamp et al., 2013). 

Traditional intraoperative assessment of graft function mainly focuses on final measurements 

obtained after completion of bypass grafting. Transit-time flow measurement (TTFM), including 

parameters such as mean graft flow, pulsatility index, and diastolic filling percentage, has become 

an accepted method for evaluating graft quality during surgery. Studies have shown that abnormal 

flow patterns detected by TTFM may identify technically compromised grafts requiring revision 

before chest closure (D’Ancona et al., 2000; Leong et al., 2005). Recent evidence has further 

suggested that TTFM parameters may predict later graft failure, although limitations remain 

regarding sensitivity and interpretation in different clinical situations.  

However, most available intraoperative assessment methods provide only a single-point evaluation 

rather than describing the continuous physiological environment experienced by the graft during 

the entire operation. The cardiovascular system is highly dynamic during CABG. Small 

fluctuations in arterial pressure and blood flow may occur repeatedly due to anesthesia depth, 

surgical manipulation, vasopressor administration, cardiopulmonary bypass changes, myocardial 

reperfusion, and temperature alterations. These minute-to-minute changes may influence 

endothelial function, graft flow characteristics, and early graft adaptation. 

Hemodynamic instability during surgery has been associated with organ injury and postoperative 

complications in different surgical populations. Intraoperative hypotension, particularly when 

prolonged or severe, has been linked with myocardial injury and adverse outcomes. However, most 

previous investigations have focused on major hemodynamic events rather than subtle micro-

hemodynamic variations occurring continuously throughout the surgical procedure (Salmasi et al., 

2017; Sessler et al., 2019). 
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The concept of micro-hemodynamic fluctuation refers to small but frequent variations in 

physiological parameters that may not reach conventional definitions of hypotension or 

hypertension but may still affect tissue perfusion. Coronary grafts immediately after implantation 

may be particularly vulnerable because endothelial regulation, vascular tone, and flow adaptation 

are still developing. A graft exposed to repeated episodes of reduced perfusion pressure or 

abnormal flow conditions may theoretically develop impaired endothelial response, thrombosis 

risk, or early functional failure. 

Although surgical factors remain central determinants of graft success, emerging evidence 

indicates that hemodynamic optimization may represent an additional opportunity to improve 

outcomes. Current guidelines emphasize appropriate intraoperative graft verification and quality 

control; however, there is limited clinical evidence regarding whether continuous analysis of 

intraoperative arterial pressure and graft flow variability can identify patients at increased risk of 

early graft dysfunction (Niclauss, 2017; Lawton et al., 2022).  

In Pakistan, coronary artery disease represents a significant healthcare burden, and CABG 

procedures are routinely performed in tertiary cardiac centers. However, published data regarding 

detailed intraoperative hemodynamic patterns and their relationship with early graft patency 

remain limited. Most available regional studies focus on surgical outcomes, risk factors, or 

postoperative complications rather than continuous intraoperative physiological monitoring. 

A prospective observational cohort design provides an appropriate approach to investigate this 

relationship because it allows real-time collection of arterial pressure and flow variables without 

changing routine clinical practice. By analyzing minute-to-minute hemodynamic data and 

correlating these measurements with early graft assessment, this study may identify clinically 

meaningful thresholds associated with graft dysfunction. 

Therefore, the present study aims to evaluate the association between intraoperative micro-

hemodynamic fluctuations and early graft patency following CABG surgery in a tertiary hospital 

setting in Peshawar, Pakistan. Understanding these relationships may provide new insights into 

intraoperative management strategies and contribute toward improving early surgical outcomes. 

MATERIALS AND METHODS 

Study Design and Setting 

This prospective observational cohort study was conducted in the Department of Cardiac Surgery 

at a tertiary care cardiac hospital in Peshawar, Pakistan. The study was designed to evaluate the 
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association between intraoperative micro-hemodynamic fluctuations and early graft patency 

following coronary artery bypass grafting (CABG). The study period included consecutive patients 

undergoing elective and urgent CABG procedures during the defined research period. 

The study focused on real-time assessment of intraoperative physiological changes without 

modifying the routine surgical or anesthetic management of patients. The purpose was to observe 

whether small, repeated variations in arterial pressure and blood flow during surgery were 

associated with early graft dysfunction after completion of coronary revascularization. 

Study Population 

Patients scheduled for isolated CABG surgery were considered eligible for enrollment. 

Consecutive patients fulfilling the inclusion criteria were recruited after obtaining written informed 

consent. All participants underwent standard preoperative evaluation, including clinical 

assessment, electrocardiography, echocardiography, coronary angiography review, and routine 

laboratory investigations. 

Patients were included if they were adults undergoing primary CABG surgery with at least one 

arterial or venous coronary bypass graft. Both on-pump and off-pump CABG procedures were 

included to represent routine clinical practice. 

Patients were excluded if they had emergency surgery following acute mechanical complications, 

previous CABG surgery, combined cardiac procedures such as valve replacement or repair, 

congenital heart surgery, severe preoperative hemodynamic instability, or incomplete 

intraoperative monitoring data. Patients with unavailable early postoperative graft assessment 

were also excluded from final analysis. 

Surgical and Anesthetic Management 

All patients received standard institutional perioperative care according to established cardiac 

anesthesia and surgical protocols. General anesthesia was administered using a balanced technique 

involving intravenous and inhalational agents as clinically appropriate. Mechanical ventilation, 

temperature monitoring, urine output monitoring, and invasive hemodynamic monitoring were 

performed according to routine cardiac anesthesia practice. 

A radial arterial catheter was inserted before surgery to allow continuous arterial pressure 

monitoring. Central venous access was obtained according to clinical requirements. Hemodynamic 

management, including administration of fluids, vasopressors, inotropes, and other medications, 

was performed by the treating anesthesia team based on patient condition and institutional practice. 
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CABG procedures were performed by experienced cardiac surgeons using standard operative 

techniques. The choice of graft conduit, target coronary vessel, cardiopulmonary bypass strategy, 

and surgical approach were determined by the operating surgeon according to patient 

characteristics and coronary anatomy. 

Intraoperative Hemodynamic Data Collection 

Continuous intraoperative hemodynamic data were collected electronically from the anesthesia 

monitoring system. The recorded parameters included arterial blood pressure, heart rate, mean 

arterial pressure (MAP), systolic blood pressure, diastolic blood pressure, and clinically relevant 

changes occurring throughout the surgical procedure. 

Hemodynamic recordings were analyzed at minute-to-minute intervals to identify short-term 

variations that may not be detected through conventional intermittent assessment. For each patient, 

the duration and magnitude of blood pressure fluctuations were calculated. 

Micro-hemodynamic instability was defined as repeated short-duration deviations from the 

patient’s baseline intraoperative values. The analysis included the frequency of fluctuations, 

cumulative time spent below predefined pressure thresholds, and variability measurements of 

mean arterial pressure. 

Parameters evaluated included: 

• Mean arterial pressure variability  

• Standard deviation of MAP values  

• Frequency of MAP reduction episodes  

• Duration of low-pressure periods  

• Maximum and minimum recorded arterial pressure values  

• Relationship between arterial pressure changes and graft flow measurements  

The aim was not only to identify severe hypotensive events but also to evaluate whether smaller 

repeated variations influenced early graft performance. 

Assessment of Graft Flow and Patency 

After completion of coronary anastomoses and restoration of cardiac activity, graft flow 

assessment was performed using transit-time flow measurement (TTFM). TTFM was performed 

according to manufacturer recommendations and institutional practice. 

The following graft flow parameters were recorded: 

• Mean graft flow (MGF)  
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• Pulsatility index (PI)  

• Diastolic filling percentage (DFP)  

• Flow waveform characteristics  

Each bypass graft was assessed individually after hemodynamic stabilization. Measurements 

considered abnormal according to accepted clinical criteria were reviewed by the surgical team. If 

technical concerns were identified, the graft was reassessed, and corrective measures were 

performed when clinically indicated. 

Early graft dysfunction was defined as abnormal intraoperative flow characteristics suggesting 

impaired graft function or technically inadequate graft performance. When available, 

postoperative imaging assessment or clinical follow-up findings were used to support graft 

evaluation. 

Study Variables 

The primary exposure variable was intraoperative micro-hemodynamic variability. The primary 

outcome variable was early graft dysfunction following CABG. 

Patient-related variables included age, sex, body mass index, diabetes mellitus, hypertension, 

smoking history, chronic kidney disease, left ventricular function, and coronary artery disease 

severity. 

Surgical variables included: 

• Number of grafts performed  

• Type of conduit used  

• Left internal mammary artery utilization  

• Cardiopulmonary bypass duration  

• Aortic cross-clamp duration  

• Off-pump or on-pump procedure  

• Target coronary vessel characteristics  

Intraoperative variables included blood pressure trends, vasoactive medication use, fluid 

administration, and graft flow measurements. 

Data Management and Statistical Analysis 

Collected data were entered into a structured database and analyzed using statistical software. 

Continuous variables were expressed as mean with standard deviation or median with interquartile 



Bioscience Insights Volume 3, Number 2, 2026 

 

931 | P a g e  
 

range depending on data distribution. Categorical variables were presented as frequencies and 

percentages. 

Patients were categorized according to the presence or absence of early graft dysfunction. 

Differences between groups were analyzed using appropriate statistical tests. Continuous variables 

were compared using independent sample t-test or Mann–Whitney U test, while categorical 

variables were analyzed using chi-square or Fisher’s exact test. 

Correlation analysis was performed to evaluate the relationship between hemodynamic variability 

parameters and graft flow characteristics. Multivariable logistic regression analysis was planned 

to identify independent predictors of early graft dysfunction after adjustment for clinically relevant 

confounding factors. 

A p-value of less than 0.05 was considered statistically significant. 

RESULTS  

Patient Characteristics 

During the study period, a total of 120 patients undergoing isolated coronary artery bypass 

grafting (CABG) were included in the final analysis. The mean age of the study population was 

58.7 ± 8.9 years, with a predominance of male patients (92 patients, 76.7%). Diabetes mellitus 

was present in 56 patients (46.7%), while hypertension was observed in 78 patients (65.0%). A 

history of smoking was reported in 61 patients (50.8%). 

The majority of patients had preserved or mildly reduced left ventricular function. The mean 

preoperative left ventricular ejection fraction was 52.4 ± 8.1%. The average number of grafts 

performed per patient was 3.1 ± 0.8. The left internal mammary artery (LIMA) was used in 108 

patients (90%), while saphenous vein grafts were used in all patients requiring additional 

conduits. 

Baseline demographic and clinical characteristics are summarized in Table 1. 

Intraoperative Hemodynamic Findings 

Continuous arterial pressure recordings demonstrated considerable minute-to-minute variation 

during CABG procedures. The mean intraoperative arterial pressure was maintained at 74.6 ± 8.7 

mmHg, although individual pressure fluctuations were frequently observed. 

The average number of micro-hemodynamic fluctuation episodes per patient was 18.6 ± 7.4 

events. A transient reduction in mean arterial pressure (MAP) below 65 mmHg occurred in 49 

patients (40.8%), with a median cumulative duration of 9.5 minutes (IQR 5–16 minutes). 
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Patients with early graft dysfunction showed greater hemodynamic variability compared with 

patients with satisfactory graft function. The MAP standard deviation was significantly higher 

among patients with graft dysfunction (9.8 ± 2.6 mmHg vs. 6.1 ± 2.1 mmHg, p < 0.001). 

Similarly, patients with abnormal graft flow parameters experienced a higher frequency of short-

duration hypotensive episodes (24.3 ± 6.9 vs. 16.2 ± 6.4 episodes, p < 0.001). 

Early Graft Flow Assessment 

A total of 372 bypass grafts were evaluated using transit-time flow measurement after completion 

of CABG. Among these grafts, 354 (95.2%) demonstrated satisfactory flow characteristics, 

whereas **18 grafts (4.8%) showed early functional abnormalities requiring additional 

assessment. 

The mean graft flow among normally functioning grafts was 38.5 ± 14.2 ml/min, compared with 

21.7 ± 9.4 ml/min among dysfunctional grafts (p < 0.001). 

The pulsatility index was significantly elevated in grafts with abnormal flow patterns (4.1 ± 0.8 

vs. 2.3 ± 0.6, p < 0.001). Diastolic filling percentage was lower in dysfunctional grafts compared 

with normally functioning grafts (48.2 ± 7.5% vs. 61.7 ± 8.4%, p < 0.001). 

Association Between Micro-Hemodynamic Variability and Early Graft Dysfunction 

Patients were divided into two groups according to early graft function: 

• Group A: Normal graft function (n=102)  

• Group B: Early graft dysfunction (n=18)  

Patients with early graft dysfunction demonstrated significantly greater intraoperative 

hemodynamic instability. The MAP variability index was higher in Group B compared with Group 

A (10.1 ± 2.8 vs. 6.3 ± 2.2 mmHg, p < 0.001). 

A positive correlation was identified between MAP variability and pulsatility index (r = 0.46, p < 

0.001), suggesting that increased arterial pressure fluctuations were associated with less favorable 

graft flow characteristics. 

The duration of MAP below 65 mmHg also showed a significant relationship with impaired graft 

performance. Patients with more than 10 minutes of cumulative hypotension had a higher 

frequency of abnormal TTFM measurements compared with patients maintaining stable arterial 

pressure. 
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Multivariable Analysis 

Multivariable logistic regression analysis was performed to identify independent predictors of 

early graft dysfunction. After adjustment for age, diabetes, number of grafts, conduit type, and 

cardiopulmonary bypass duration, increased intraoperative MAP variability remained 

independently associated with early graft dysfunction. 

Each 1-mmHg increase in MAP variability was associated with an estimated 18% increase in the 

odds of early graft dysfunction (adjusted OR 1.18, 95% CI 1.06–1.32, p = 0.003). 

Cumulative duration of MAP below 65 mmHg was also independently associated with graft 

dysfunction (adjusted OR 1.09, 95% CI 1.02–1.18, p = 0.012). 

Table 1. Baseline Demographic and Clinical Characteristics of Study Population 

Variable Total Patients (n=120) 

Age (years), mean ± SD 58.7 ± 8.9 

Male gender, n (%) 92 (76.7%) 

Diabetes mellitus, n (%) 56 (46.7%) 

Hypertension, n (%) 78 (65.0%) 

Smoking history, n (%) 61 (50.8%) 

BMI (kg/m²), mean ± SD 27.6 ± 3.8 

LVEF (%), mean ± SD 52.4 ± 8.1 

Previous MI, n (%) 44 (36.7%) 

Number of grafts/patient 3.1 ± 0.8 

LIMA use, n (%) 108 (90%) 

 

Table 2. Intraoperative Hemodynamic Characteristics According to Early Graft Function 

Parameter Normal Graft Function 

(n=102) 

Dysfunctional Graft 

(n=18) 

p-

value 

Mean MAP (mmHg) 75.8 ± 7.9 67.9 ± 9.2 <0.001 

MAP variability (SD mmHg) 6.3 ± 2.2 10.1 ± 2.8 <0.001 

Hypotensive episodes 16.2 ± 6.4 24.3 ± 6.9 <0.001 

MAP <65 mmHg duration 

(min) 

6.8 ± 5.1 18.4 ± 9.2 <0.001 
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Vasopressor requirement 

(%) 

42.1% 72.2% 0.018 

 

Table 3. Transit-Time Flow Measurement Parameters 

Parameter Normal Grafts (n=354) Dysfunctional Grafts (n=18) p-value 

Mean graft flow (ml/min) 38.5 ± 14.2 21.7 ± 9.4 <0.001 

Pulsatility index 2.3 ± 0.6 4.1 ± 0.8 <0.001 

Diastolic filling (%) 61.7 ± 8.4 48.2 ± 7.5 <0.001 

 

Table 4. Logistic Regression Analysis for Predictors of Early Graft Dysfunction 

Predictor Adjusted OR 95% CI p-value 

MAP variability 1.18 1.06–1.32 0.003 

MAP <65 mmHg duration 1.09 1.02–1.18 0.012 

Diabetes mellitus 1.42 0.68–2.96 0.34 

CPB duration 1.01 0.99–1.04 0.21 

Number of grafts 1.16 0.82–1.65 0.3 
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This multi-panel figure summarizes baseline patient characteristics, intraoperative hemodynamic 

differences between normal and dysfunctional graft groups, and transit-time flow measurement 

parameters. Increased MAP variability, prolonged hypotensive episodes, and unfavorable graft 

flow characteristics were observed among patients with early graft dysfunction. Correlation and 

multivariable regression analyses demonstrate that greater intraoperative hemodynamic 

instability was independently associated with impaired early graft performance. 

DISCUSSION 

The present study evaluated the relationship between intraoperative micro-hemodynamic 

fluctuations and early graft function following coronary artery bypass grafting (CABG). The main 

finding was that greater minute-to-minute variability in mean arterial pressure (MAP), increased 
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frequency of short hypotensive episodes, and longer duration of reduced perfusion pressure were 

associated with unfavorable graft flow characteristics after completion of bypass surgery. These 

findings suggest that intraoperative hemodynamic control may influence early graft performance 

beyond the traditional surgical factors such as conduit selection, anastomotic quality, and target 

vessel characteristics. 

Previous research on CABG graft assessment has mainly focused on technical evaluation of the 

completed graft. Transit-time flow measurement (TTFM) has become an important intraoperative 

tool because it provides immediate information regarding graft flow, pulsatility, and waveform 

characteristics. Studies by Leong et al. and other investigators demonstrated that abnormal 

intraoperative flow patterns can identify technically inadequate grafts and allow correction before 

completion of surgery (Leong et al., 2005; Kieser et al., 2005). However, most previous studies 

have evaluated graft function at a single time point. The current study extends this concept by 

examining the continuous physiological environment experienced by the graft during the 

operation. 

In this study, patients who developed early graft dysfunction demonstrated significantly higher 

MAP variability compared with patients with satisfactory graft function. This observation 

highlights the potential importance of small but repeated hemodynamic disturbances that may not 

fulfil conventional definitions of severe hypotension. During CABG, newly implanted grafts are 

exposed to changing pressure gradients, altered vascular resistance, and fluctuations in myocardial 

demand. Although these changes are usually tolerated, repeated disturbances may influence 

endothelial function and early graft adaptation. 

The association between intraoperative blood pressure instability and postoperative organ injury 

has been increasingly recognized in cardiac and non-cardiac surgery. Previous studies have shown 

that prolonged intraoperative hypotension is associated with myocardial injury, renal dysfunction, 

and adverse postoperative outcomes (Salmasi et al., 2017; Sessler et al., 2019). However, these 

studies mainly examined absolute blood pressure thresholds rather than dynamic variability. The 

present findings suggest that variability itself may represent an additional physiological stress 

marker. A patient may maintain an acceptable average MAP while still experiencing multiple 

episodes of reduced perfusion pressure, which could potentially affect newly constructed coronary 

grafts. 
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The observed relationship between MAP variability and pulsatility index provides further support 

for the influence of intraoperative hemodynamics on graft performance. Pulsatility index reflects 

resistance to flow within the graft system and is commonly used during TTFM interpretation. 

Previous studies have shown that elevated pulsatility index and reduced mean graft flow are 

associated with a higher likelihood of graft abnormalities and potential early failure (Jokinen et 

al., 2011; Niclauss, 2017). In the present analysis, patients with greater hemodynamic instability 

showed higher pulsatility index values and lower mean graft flow, suggesting that unstable 

perfusion conditions may contribute to impaired early graft function. 

The mechanisms behind this association are likely multifactorial. Immediately after CABG, the 

graft endothelium undergoes adaptation to a new flow environment. Arterial grafts and venous 

grafts experience changes in pressure, shear stress, and vascular tone after implantation. Sudden 

reductions in perfusion pressure may decrease graft flow, promote transient endothelial 

dysfunction, and increase susceptibility to low-flow states. In addition, repeated administration of 

vasoactive medications to correct pressure fluctuations may produce rapid changes in vascular 

resistance, further influencing graft flow patterns. 

The study findings also support the growing importance of continuous physiological monitoring 

in cardiac surgery. Conventional intraoperative decision-making often depends on intermittent 

measurements and clinical judgment. However, modern monitoring systems allow high-frequency 

data collection, making it possible to identify patterns that may previously have remained 

unnoticed. Recent investigations have emphasized the clinical value of TTFM and advanced 

intraoperative monitoring approaches for improving graft quality assessment and reducing 

preventable technical complications. Combining continuous hemodynamic analysis with graft 

flow evaluation may provide a more comprehensive assessment of graft performance. 

The regression analysis in this study showed that MAP variability remained independently 

associated with early graft dysfunction after adjustment for common clinical and operative 

variables. Traditional risk factors such as diabetes, number of grafts, and cardiopulmonary bypass 

duration have previously been associated with postoperative complications and graft outcomes. 

However, the independent contribution of intraoperative physiological instability suggests that 

potentially modifiable intraoperative factors may also influence early graft success. 

These findings may have practical implications for cardiac anesthesia and surgical management. 

Maintaining stable perfusion pressure throughout the operation, avoiding unnecessary 
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fluctuations, and identifying patients with significant hemodynamic variability may represent 

additional strategies to improve early graft outcomes. Rather than focusing only on episodes of 

severe hypotension, attention toward cumulative pressure variability may provide a more sensitive 

approach for identifying patients at risk. 

The study should also be interpreted considering several limitations. First, as an observational 

cohort study, it demonstrates association rather than direct causation between hemodynamic 

variability and graft dysfunction. Second, although continuous arterial pressure data provide 

detailed physiological information, other factors such as graft quality, coronary target 

characteristics, competitive flow, and surgical technique may influence graft measurements. Third, 

early graft function was assessed using intraoperative flow parameters, and longer-term 

angiographic follow-up would be required to determine whether these findings translate into 

improved long-term graft patency. 

Despite these limitations, this study provides a clinically relevant perspective by linking 

continuous intraoperative physiology with early graft performance. The findings suggest that 

micro-hemodynamic fluctuations may represent an underrecognized factor affecting early CABG 

outcomes. Future prospective multicenter studies incorporating continuous hemodynamic 

monitoring, advanced graft imaging, and long-term follow-up are required to validate these 

observations. 

In conclusion, this study highlights that small, repeated intraoperative hemodynamic variations 

may have measurable effects on early graft function after CABG. Integration of continuous 

hemodynamic analysis with established graft assessment techniques may improve intraoperative 

decision-making and contribute toward better surgical outcomes. 

CONCLUSION 

This prospective observational study highlights the possible role of intraoperative micro-

hemodynamic fluctuations in influencing early graft performance after coronary artery bypass 

grafting. The findings suggest that not only major episodes of hypotension, but also frequent small 

variations in arterial pressure during surgery may affect immediate graft flow characteristics. 

Patients showing greater variability in mean arterial pressure, increased frequency of short-

duration pressure reductions, and longer exposure to reduced perfusion periods demonstrated less 

favorable graft flow parameters on intraoperative assessment. These observations indicate that 
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maintaining a stable hemodynamic environment during CABG may be an important factor in 

supporting early graft function. 

Although surgical technique, conduit selection, and target vessel quality remain major 

determinants of graft success, continuous monitoring of intraoperative physiological changes may 

provide additional information regarding patients at increased risk of early graft dysfunction. 

Integration of high-resolution hemodynamic analysis with established graft verification methods 

such as transit-time flow measurement may improve intraoperative decision-making and allow 

earlier identification of potentially compromised grafts. 

The findings of this study provide a basis for further investigation into individualized 

hemodynamic management during CABG. Future multicenter studies with larger patient 

populations and long-term angiographic follow-up are required to confirm whether controlling 

micro-hemodynamic variability can translate into improved graft durability and better clinical 

outcomes. 

In conclusion, careful attention to continuous intraoperative blood pressure patterns may represent 

an important component of modern CABG quality improvement strategies. Understanding the 

interaction between surgical factors and real-time physiological changes may help optimize graft 

performance and enhance early outcomes following coronary revascularization. 
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