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Abstract: Background: Multiple markers were investigated to predict adverse outcomes post-cardiac surgery. 
Platelet-activating factor has a potential involvement in the hematologic and cardiovascular dysfunctions 
noted during and subsequent to extracorporeal circulation and coronary artery bypass grafting. The objective 
of our study was to assess Platelet-activating factor and CRP levels and their influence on mortality and 
morbidity following major heart surgery. Methods: We selected 87 patients that underwent major cardiac 
surgery between 2021 and 2022 at our institution. We gathered demographical data and unfavorable events 
after surgery. We investigated a composite outcome comprising three combined outcomes: mortality, renal 
failure, and stroke, using univariate and multivariate analysis. Results: The study population consisting of 87 
individuals with a mean age of 64.9 years old was divided into 4 groups based on CRP levels: normal values 
(0-10 mg/l), mild increase (10-40 mg/l), moderate increase (40-200mg/l) and severe in-creased (>200 mg/l) levels. 
There was no significant difference between the 4 CRP groups except higher PAF levels (4939 ±2166.3 pg/ml) 
and lower baseline LVEF (43.6±6.9%) in group 4 with severely increased CRP values. We also found a 
significant positive correlation between preoperative PAF levels and post-operative CRP levels (r=0.72, 
p=0.0001). ROC curve analysis showed that both PAF and CRP can predict post-operative mortality with a 
good sensitivity and specificity. CRP values > 80 mg/l and PAF values > 5000 pg/ml were associated with 
combined outcome of: stroke, acute kidney failure and death HR=2.45 (95%CI  0.48-18.3) and HR = 2.62 (95%CI 
0.37-20.0) respectively. Conclusions: Preoperative PAF and postoperative CRP are predictors of unfavorable 
prognosis after major cardiac surgery. C-reactive protein > 80 mg/l and Platelet-activating facotr > 5000 pg/ml 
were associated with the  outcome of: stroke, acute kidney failure and death.  

Keywords: major cardiac surgery; platelet-activating factor; C-reactive protein; cardiopulmonary bypass 
 

1. Introduction 

Preoperative risk assessment in cardiac surgery is essential for evaluating a patient's eligibility 
for the procedure and identifying markers for adverse outcomes. To ensure a successful outcome, the 
anesthesiologists must collect adequate information, comprehend the patients' clinical condition, and 
refine their overall strategy depending on preoperative findings [1,2]. Multiple markers were 
investigated [3] to predict adverse outcomes post-cardiac surgery. However, this strategy should 
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avoid superfluous tests that lack predictive value for outcomes, incur significant costs for the medical 
department, or postpone the surgical procedure [4]. 

Platelet-activating factor (PAF) is a potent phospholipid mediator initially identified for its 
capacity to induce platelet aggregation and vasodilation. PAF plays a primary role in inflammatory 
responses and the initiation of thrombotic processes, additionally it promotes the pathogenesis of 
severe sepsis. Bacterial endotoxins can stimulate PAF synthesis, leading to significant hypotension 
and organ damage [5]. These lipid mediators are important components of inflammatory and 
coagulation pathways. Its presence also suggests a potential involvement in the hematologic and 
cardiovascular dysfunctions noted during and subsequent to extracorporeal circulation [6] and 
coronary artery bypass grafting [7-10]. 

Tissue damage resulting from cardiac surgery and myocardial necrosis induces an inflammatory 
response, evidenced by elevated levels of C-reactive protein [11-12]. Under these conditions, PAF 
interacts with several proteins, including C-reactive protein, which indicate systemic inflammation, 
positioning PAF as a potential therapeutic target for managing these diseases. The CRP levels during 
hospitalization correlate with the severity of the inflammatory response [13], and may be associated 
to PAF levels.  

Several experimental studies have demonstrated the multilevel interaction between CRP and 
PAF: Filep et al. [13]  indicated that CRP inhibited PAF-induced platelet aggregation in a dose- and 
time-dependent manner, whereas Sato et al. [14] revealed an enhanced inflammatory activity of PAF 
mediated by CRP.   

The primary objective of our study was to assess the influence of Platelet-activating factor and 
CRP levels on mortality and morbidity following major heart surgery. Additionally, the relationship 
between platelet activation factor and postoperative CRP was investigated. 

2. Materials and Methods 

This retrospective descriptive study was conducted on patients with major cardiac surgery at 
Niculae Stancioiu Heart Institute Hospital in Cluj-Napoca and center and approved by the “Iuliu 
Hatieganu” University of Medicine Ethics Committee (approval number 259 on 28 September 2023). 
Patients who underwent major cardiac surgery procedures necessitating general anesthesia and 
cardiopulmonary bypass between 2021 to 2022, were included in the study. The inclusion criteria 
consisted of: age older than 18 years, patients who underwent open cardiac surgery, and the 
availability of data in the hospital registry system. Unstable individuals who underwent emergency 
procedures, minimally invasive and transcatheter procedures, and patients with incomplete 
information in the database, were excluded from this study. The data gathered from the patients 
included demographic information such as gender, age, sex, weight, height, body mass index (BMI), 
heart disease diagnosis, left ventricular ejection fraction pre- and post-surgery, type of surgery, 
diabetes mellitus status, duration of mechanical ventilation, stay in intensive care unit, total stay in 
the hospital, =laboratory tests: hematocrit, white blood cells, platelet count, preoperative platelet 
activation factor (PAF), creatinine, postoperative C-reactive protein. Blood samples of PAF were 
collected before surgery and serum was prepared by centrifugation. PAF levels were measured in 
plasma using PAF Elisa Kit with the colorimetric detection method, the color intensity being inversely 
related to the quantity of PAF extracted from the samples. The study was performed in compliance 
with the Declaration of Helsinki and Good Clinical Practice Guidelines. The necessity for patient 
consent was exempted due to the retroactive nature of the data analysis. 

Postoperative, the recorded variables consisted of:  time of mechanical ventilation, ICU and 
hospital stay days, postoperative complications (e.g. hemodynamic instability, inotrope usage, 
arrhythmias), renal complications, infectious (sepsis, mediastinitis), severe blood lose, neurological 
complications: ischemic or hemoragic stroke, and mortality rate. According to CRP test, the patients 
were classified into normal (0 - 5 mg/l), mildly (5 - 40 mg/l), moderately (40 - 200 mg/L) or severely 
increased (>200 mg/l) values. We investigated a composite outcome comprising three combined 
outcomes: mortality, renal failure, and stroke, using univariate and multivariate analysis.  
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Statistical Methods 

The collected data were analyzed using SPSS software version 23.0 (SPSS Inc., Chicago: IL). The 
data were presented with descriptive methods (frequency, percentage, mean ± standard deviation, 
rates in case of nominal variables). Parametric data were compared using the independent sample t-
test and non-parametric data using Pearson’s chi-square for ordinal data or Mann-Whitney U test for 
continuous data. Comparison between multiple groups was done using the ANOVA test. Scatter 
plots were uses to assess association between PFA and CRP. Receiver operating curves (ROC) were 
used to find the sensitivity and specificity of PFA and CRP to predict mortality. Univariate regression 
with Cox-proportional hazards and multiple logistic regression were used to assess the effect of 
several variables on adverse outcomes. Odds ratios and 95% confidence intervals are given for each 
tested variable. P-values less than 0.05 were considered statistically significant for the test we 
performed. All P-values were 2-tailed.  

3. Results 

Overall, 87 patients’ data were evaluated: 61 male and 26 female with major cardiac surgery. The 
mean age was 64.9 years. The study population included patients that were operated for coronary 
artery bypass grafts, mitral or aortic valve replacements, bentall procedure, aortic aneurysm repair, 
atrial septal defect correction or aortic valve and ascending aorta repair. The cohort was divided into 
4 groups based on CRP levels: normal values (0-10 mg/l), mild increased (10-40 mg/l), moderate 
increased (40-200mg/l) and severe increased (>200 mg/l) levels. Table 1 shows demographic data, 
preoperative and postoperative variables of the study group based on CRP levels. There was no 
significant difference between the 4 CRP groups in terms of perfusion time (p=0.102), clamp time 
(p=0.24), hours of mechanical ventilation (p=0.35), inotropic score (0.31), vasoactive-inotropic score 
(0.95), duration of hospital stay (p=0.35) days of stay in the intensive care unit (p=0.42). However, the 
group with severe increased CRP levels had higher PAF levels (p=0.003) and lower baseline left 
ventricular ejection fraction ( p=0.02) (Table 1).  

The ANOVA test has shown that patients with increased CRP values had also increased PAF 
values with significant statistical differences between the 4 classes of CRP. Furthermore there was a 
significant positive linear correlation between preoperative PAF levels and postoperative CRP levels 
(r=0.72, p=0.0001) (Figure 1). 

Table 1. The study population was categorized into four CRP groups, which were compared using 
the one-way ANOVA test. (LVEF=left ventricular ejection fraction; perf time=cardiopulmonary 
bypass duration; clamp time=aortic cross-clamping duration; mech vent=mechanical ventilation 
duration). 
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Figure 1. Scatter plot with line of best fit showing the association between preoperative PFA and 
postoperative CRP. 

Receiver–operating characteristic (ROC) curve analysis showed that both PAF and CRP can 
predict post-operative mortality with a good sensitivity and specificity and an elevated AUC (area 
under the curve). In addition, we could assess the values of CRP and PAF that had  the highest 
sensitivity and specificity ratio for the mortality outcome. (Figure 2a,b). 

Univariate analysis showed that increased age > 65, increased BMI > 30, CRP > 80 mg/l, PAF > 
5000 pg/ml and prolonged mechanical ventilation time were associated with combined outcome of 
stroke, acute kidney injury and death with a hazard ratio of 2.45 (95%CI  0.48-18.3)  for CRP>80 
mg/l and a HR of 2.62 (95%CI  0.37-20.0) for PAF > 5000 pg/ml. However in multivariate analysis we 
found no significant independent association between PFA, CRP, age, BMI, prolonged mechanical 
ventilation and the combined outcome. 

 
a                                                           b 

Figure 2. Receiver–operating characteristic (ROC) curve analysis shows the sensitivity and specificity 
of PAF and CRP in predicting mortality after major cardiac surgery. 2a) for PAF, the area under the 
curve is 0.625. A value of > 3033 pg/ml predicts mortality with a sensitivity of 83% and a specificity of 
53%. 2b) for CRP the area under the curve is 0.688. A value of above 80 mg/l predicts mortality with 
a sensitivity of 83% and a specificity of 56%. 
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Table 2. Univariate analysis to assess predictor of combined outcome: stroke-acute kindey failure and 
death. 

Variable Odds ratio 95% Confidence Intervals 
Age 1.10 1.02-1.19 
BMI 1.75 0.33-9.3 
PAF 2.62  0.37-20.0 
VIS 0.89 0.78-0.99 

Clamp time >90 min 0.34 0.38-3.1 
Perf time >180 min 0.89 0.84-0.98 

Mech ventil 1.85 0.32-10.7 
CRP   2.45 0.48-18.3   

Table 3. Multivariate analysis for predictors of combined endpoint: stroke-acute kindey failure and 
death. 

Variable Odds ratio 95% Confidence Intervals 
Age 0.25 0.03-2.56 
BMI 0.48 0.08-2.82 
PAF 0.36  0.01-8.9 

Mech ventil 0.81 0.12-5.41 
CRP   0.37 0.01-8.96  

4. Discussion 

This study shows that preoperative PAF and postoperative CRP are predictors of unfavorable 
prognosis after major cardiac surgery. Our findings contribute to the existing understanding of CRP 
as a prognostic indicator both preoperatively [15-17], and postoperatively [18] following major heart 
surgery. Nonetheless, the medical literature contains insufficient information regarding the 
predictive value of PAF in cardiovascular disease. 

The term "platelet-activating factor" was first used by Benveniste and coworkers in their key 
1972 publication in the Journal of Experimental Medicine [19], referring to a biochemical response 
produced by activated basophils that induced platelet aggregation . Platelet-activating factor, a 
proinflammatory mediator, has been identified as a potential contributor throughout all types of 
coronary artery disease[20]. Evidence indicates that the well-known signaling effects of PAF are 
closely related to atherosclerosis which is facilitated via multiple pathways including inflammation, 
endothelial dysfunction, oxidative and nitrosative stress, and platelet reactivity. PAF is a significant 
pro-inflammatory mediator associated with various illnesses and chronic diseases [21], including 
renal disorders, cerebrovascular infections, and cardiovascular diseases [22]. Changes in cardiac 
function, particularly the decrease in cardiac output noted in vivo following PAF infusion, may arise 
from either a direct effect on the heart muscle or from an indirect effect, including systemic alterations 
and fluctuations in pre- and afterload pressures. Moreover, modifications in cardiac function may be 
dependent upon the influence of PAF on coronary circulation, the conduction system, and the 
contractile properties of the myocardium [23]. 

CRP was first described by Tillet and Francis in 1930 and recognized as the prototype of acute 
phase plasma proteins [24]. In healthy individuals, serum CRP levels generally remain under 10 mg/l, 
whereas patients with inflammatory disorders have a notable elevation, ranging from 10 to 200 mg/l 
potentially increasing by 1000-fold or more in reaction to inflammation [25]. Increased CRP levels at 
admission correlate with worse outcomes in acute coronary syndrome, while peak CRP levels 
following acute myocardial infarction are linked to mortality, myocardial infarction, and ischemic 
cerebrovascular events [26].  

Patients undergoing heart surgery under cardiopulmonary bypass frequently experience 
systemic reactions that causes postoperative morbidity and prolonged hospital stay. Elevated CRP 
levels have been observed in individuals undergoing cardiopulmonary bypass; however, association 
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with increased PAF levels has not been demonstrated before. Reperfusion has been directly linked to 
the migration of neutrophils into the previously ischemic region [27] , their adhesion to cardiac 
myocytes, and activation by ischemic products [28]; furthermore, activated neutrophils liberate PAF 
[29]. Neutrophils have been shown to move into ischemic myocardium following both prolonged 
obstruction of a coronary artery branch [30,31] and subsequent reperfusion of the ischemic area [32]. 
Activated neutrophils generate PAF, which interacts with specific receptors on myocytes, resulting 
in a constant effect on transmembrane potentials that can induce arrhythmias. Reperfusion of 
ischemic myocardium is often linked to arrhythmias [33,34]. Our study demonstrates a positive 
strong correlation between PAF levels and CRP levels. 

The specific binding of CRP to diverse cells, such as macrophages, neutrophil granulocytes, and 
platelets, together with the subsequent change of their function, has been documented previously 
[35-39]. The reports about the impact of CRP on platelets are however controversial. First, the 
enhancement of PAF-induced aggregation by CRP has been documented. On the contrary, native 
CRP was observed to suppress platelet activation [40,41], while other studies indicated that CRP did 
not alter platelet responses to diverse stimuli [42, 43].  

There is growing evidence that platelet reactivity is frequently modified following infection or 
myocardial tissue injury [44].PAF, a very effective platelet aggregating agent, has recently been 
identified as a significant mediator of tissue injury and inflammation [45]. Elevated plasma and tissue 
concentrations of PAF have been observed in conjunction with infection or tissue damage under 
various conditions. Given that CRP increases in serum under similar pathological conditions, the 
potential interactions between PAF and CRP deserve further attention. Endogenous human CRP was 
demonstrated to suppress PAF-induced aggregation of washed rabbit platelets, but not of human 
platelets, indicating species-specific action of  CRP. CRP reduced the specific binding of PAF to 
platelets, indicating a potential direct interaction with PAF membrane receptors. 

It is noteworthy that CRP, apart from the action on platelets, has been demonstrated to inhibit 
the binding of PAF to human neutrophils [46]. 

A deeper comprehension of the mechanisms underlying inflammation and thrombosis would 
provide improved therapeutic developments and more personalized treatment protocols for patients 
undergoing cardiopulmonary bypass. It was found that CRP binds to both PAF and its metabolite 
and enhances PAF induced inflammation. CRP exhibits strong affinity for phosphocholine-
containing lipids, hence also binding to PAF, which is a phosphocholine-containing lipid. CRP shows 
a positive correlation with COX-2 expression in monocytes , which may conceivably facilitate platelet 
activation through Thromboxane A2. In the research conducted by Sato et al., CRP was observed to 
bind to PAF in a concentration-dependent fashion. Both CRP and PAF seem to play significant roles 
in the pathogenesis of several inflammatory disorders, with CRP potentially exacerbating the 
pathogenesis of PAF-induced inflammatory conditions. Experimental studies support the 
involvement of PAF in ischemia and reperfusion injury of the heart: myocardial synthesis of PAF 
occurs post-myocardial infarction[47], and an intravascular release of this mediator has been 
identified in the blood of patients with coronary artery disease who underwent atrial pacing to assess 
the severity of ischemia [48]. Additionally, PAF was identified in the coronary sinus during occlusion 
and reperfusion injury [49]. 

Renal failure is a common complication following major cardiac surgery, nad is associated with 
prolonged hospital stays, elevated costs, and increased postoperative mortality [50]. In our study, 
acute kidney injury, characterized by new renal failure or exacerbation of pre-existing renal failure, 
was observed in 21% of patients. The incidence of this complication in the medical literature ranges 
from 3% to 30% owing to differing definitions of renal failure. Hobson et al. indicated that the 
mortality risk associated with renal failure after major cardiac surgery persists at an elevated level 
over a decade [51]. Nevertheless, other researchers have shown that rapid recovery of renal function 
following acute kidney injury correlates with increased long-term survival. The causes of renal failure 
post-cardiac surgery may include : cardiopulmonary bypass, renal toxicity due to drugs, volume 
depletion, vasoactive inotropic agents, or decreased cardiac output [52]. Improving the patient's 
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clincial condition, stopping the use of nephrotoxic medications, and maintaining normovolemia have 
been identified as ways of preventing renal failure after cardiac surgery [53]. 

Stroke continues to be a severe complication following cardiac surgical procedures, with an 
incidence reaching up to 6% [54]. Prior research has sought to determine predictors of stroke 
following major cardiac surgery. Limited large-scale prospective studies exist regarding the incidence 
of stroke and its related risk factors [55]. Prior research in the medical literature has suggested that 
the cause of stroke following cardiac surgery is multifactorial: Age beyond 70 years is one of the most 
frequently cited independent predictors of stroke [56], history of vertebral events, hypertension, 
diabetes, peripheral arterial disease, prior cardiac surgery,endocarditis, CBP time longer than 2 
hours, and high transfusion reguirements all were demonstrated to be risk factor for stroke [57]. 
Advanced age is not considered a direct cause of stroke; instead, it serves as an indicator of 
advanced atherosclerosis [58]. The incidence of stroke in our study was 1.15%.  

Several risk factors have been identified as predictors of mortality after major cardiac surgery. 
Age and sex have been linked to elevated mortality in some research, primarily focusing on coronary 
artery by-pass procedures [59]. Prolonged cardiopulmonary bypass  time and aortic-cross clamp 
time as well as prolonged mechanical ventilation have also been associated with increased mortality 
[60-62]. Our study confirmed that age >65, BMI>30, and prolonged mechanical ventilation time were 
associated with negative outcomes. Furthermore, our investigation reveals that both preoperative 
PAF and postoperative CRP serve as predictors for death/stroke/AKI, demonstrating superior 
predictive capability compared to the above mentioned predictors, as evidenced by their odds ratios. 

Despite logistic regression being a robust analytical technique for binary outcomes, the results 
from univariate and multiple logistic regressions often exhibit discrepancies. A covariate may exhibit 
a substantial influence in univariate analysis yet play no role in the multiple logistic regression model. 
Our current investigation showed a significant  association between PAF, CRP levels and adverse 
outcomes after major cardiac surgery, with hazard ratios > 2;  however it does not demonstrate an 
independent prognostic significance of PAF and CRP for morbidity and mortality. Conversely, our 
findings underscore the significance of other clinical characteristics including age, BMI, mechanical 
ventilation duration, together with PAF and CRP, all of which, together were associated with poorer 
prognosis.  

Whether PAF and CRP serve as a markesr or plays a role in the mechanisms of atherothrombosis 
continues, necessitating further investigation.  The development of selective, high affinity PAF 
receptor inhibitors  might convey therapeutic  benefits in ischemia, thrombosis and arrhythmias 
that occur after cardiopulmonary bypass in major cardiac surgery. 

Limitations 

The main limitation is the small sample size of patients in our study. A higher number would 
have indicated a more robust correlation among PFA, CRP, and death.  

The association between PAF, CRP, and the adverse composite outcome,  significantly 
decreased in the adjusted model. It is possible that other significant prognostic factors have not been 
accounted for. The prognostic value of platelet-activating factor requires validation in prospective 
studies with meticulous adjustment for relevant clinical variables. 

5. Conclusions 

Preoperative PAF and postoperative CRP are predictors of unfavorable prognosis after major 
cardiac surgery. Patients with elevated CRP levels also showed increased PAF values, revealing a 
significant positive correlation between preoperative PAF levels and postoperative CRP levels. CRP 
> 80 mg/l and PAF > 5000 pg/ml were associated with highest odds ratio for the combined outcome 
of stroke, acute kidney disease and death.  
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