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ORIGINAL ARTICLE 
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Background: Every year, about 400,000 open-heart procedures are conducted utilising the 
cardiopulmonary bypass (CPB) technique. In the majority of disciplines associated with on-pump 
cardiac surgery, numerous studies have been undertaken to investigate factors such as coagulation 
cascades, surgical stress response, blood transfusion demand, inflammatory indicators, and 
hypoxia. The purpose of this study was to examine whether fresh frozen plasma (FFP) could 
potentially use to prime the cardiopulmonary bypass (CPB) circuit and minimize bleeding in 
complicated cardiac surgery. This prospective randomized comparative interventional study was 
conducted from 10 May 2022 to 10 May 2023 at the Department of Cardiac Surgery, Punjab 
Institute of Cardiology, Lahore. Methods: A sample size of 40 subjects in each group and a total 
sample size of 80 patients were enrolled. A random allocation method was implemented for 
classifying the patients into the control or case (FFP) groups. Results: The average age of 
participants in Group-A was 47.96±5.14 years, whereas in Group-B, it was 50.12±6.09 years. 
Group A comprised 25 males (62.5%) and 15 females (37.5%), whereas Group B comprised 23 
males (57.5%) and 17 females (42.5%). In our data there was a significant difference found in 
packed cells infusions in prime 70.38±33.97 and 96.15±24.15 with p-value 0.0002 and FFP and 
platelets transfusions with p-value 0.03 and 0.02, respectively. Postoperative blood loss was also 
found significant p-value 0.001. However, no difference was found in packed cells infusions and 
FFP infusions intra-operatively between both groups with p-values 0.61 and 0.35, respectively. 
Conclusion: FFP-containing CPB priming was associated with lower PRBC requirements during 
priming and reduced postoperative FFP and platelet transfusions, with a significant difference in 
postoperative blood loss. However, intraoperative PRBC and FFP requirements were comparable 
between groups.  
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INTRODUCTION 

Every year, about 400,000 open-heart procedures are 
conducted utilising the cardiopulmonary bypass 
(CPB) technique.1 In the majority of disciplines 
associated with on-pump cardiac surgery, numerous 
studies have been undertaken to investigate factors 
such as coagulation cascades, surgical stress 
response, blood transfusion demand, inflammatory 
indicators, and hypoxia.2–7 Severe bleeding has been 
recognized as the major cause of complications and 
death in on-pump cardiac surgery. A prospective 
research found that patients undergoing surgery using 
a CPB device received more blood, albumin, and 
fresh plasma during the procedure, as well as more 
platelets afterward, than other patients.8 
Complications associated with the use of this 

machine have also been attributed to mechanical 
damage resulting from the surgeon's direct 
manipulation of blood vessels, dilutional 
coagulopathy induced by the supplementation of the 
CPB system with crystalloid and colloidal solutions, 
consumptive coagulopathy, and fibrinolysis. 9 
According to the findings of multiple studies, the use 
of various solutions to prepare the on-pump cardiac 
system is the leading cause of coagulopathy and 
haemorrhage both prior to and following the 
procedure. Under certain circumstances, these 
solutions may cause individuals to exhibit a 35% 
reduction in fibrinolytic factor proteins and 
coagulation. Conversely, activation of the fibrinolysis 
and coagulation pathways reduces coagulation factors 
to below 1%.10 The optimal method for CPB priming 
continues to be a complex issue in cardiac surgery. 
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Prior to this change, the electrolyte content and 
osmolarity of the preparation solutions were 
comparable to those of intravascular fluids. As a 
result, patients' oxygenation, carbon dioxide ejection, 
and physiological homeostasis would have been 
preserved upon mixing the solutions with the blood. 
Blood dilution during cardiac surgery has been 
investigated since the mid-twentieth century, and 
substantial study has been conducted to identify an 
appropriate method for preparing CPB system. The 
most significant consequence of blood dilution in this 
system is the detrimental effects on the coagulation 
system caused by a significant decrease in the 
concentration of coagulation components.11 At 
present, there are several methods utilized to decrease 
the volume of solution required for the setup of the 
CPB system, including the removal of certain circuit 
segments such as the artery filters. However, this can 
endanger the health of the patients.10 Because 
dilutional coagulopathy is impacted by the kind of 
solution used to form the CPB system, the current 
study hypothesizes that using FFP during the CPB 
system preparation stage will reduce dilutional 
coagulopathy during the bypass.11 As a result, the 
purpose of this study was to assess the efficacy of FFP 
for priming of the CPB circuit to minimise bleeding in 
difficult cardiac surgery. 

MATERIAL AND METHODS 
This prospective randomized comparative interventional 
study was conducted from 10 May 2022 to 10 May 
2023 at the Department of Cardiac Surgery, Punjab 
Institute of Cardiology, Lahore. In previous literature 
mean postoperative bleeding in control group (μ₁) = 900 
mL. Mean postoperative bleeding in FFP group (μ₂) = 
700 mL. Expected mean difference (Δ) = 200 mL. 
Standard deviation (σ) = 300 mL. α (type I error) = 0.05 
(two-sided). Power (1−β) = 80%. A minimum of 36 
patients per group was required. After adjusting for 
potential dropouts and missing data, a total sample size 
of 80 patients (40 per group) was included. (9) This 
study included 80 patients, selected according to 
specific inclusion criteria: individuals aged 18–85 years, 
with no prior history of liver disease, clotting disorders, 
or cardiac surgeries, and comprising both male and 
female participants. Patients undergoing emergency 
surgery, those who died before the procedure, or those 
who had received blood transfusions within the last 24 
hours were excluded. After obtaining informed written 
consent, eligible patients were randomly assigned to 
either the case group (receiving Fresh Frozen Plasma, 
FFP) or the control group. The control group was 
administered 10–20 cc/kg hydroxyethyl starch (130–
0.4) with 100–200 ml of Ringer's crystalloid solution, 
while the case group received 10–20 cc/kg FFP 
alongside 200–300 ml of Ringer's solution. During 

cardiopulmonary bypass, age-adjusted mean arterial 
pressure (MAP) was maintained between 40–70 mm 
Hg, and hematocrit (Hct) levels were kept between 25–
30%. For statistical analysis, the data were entered into 
SPSS software. Quantitative variables were assessed 
using mean and standard deviation, while qualitative 
data were analyzed through frequencies and 
percentages. The chi-square test was applied to compare 
qualitative variables, and independent sample t-tests 
were used for evaluating quantitative data, with a p-
value of less than 0.05 considered statistically 
significant. 

RESULTS 

The average age in Group-A was 47.96±5.14 while in 
Group-B was 50.12±6.09. In Group A there were 25 
(62.5%) males and in Group B there were 23 (57.5%) 
males. In this research, the mean height and weight was 
165.0±6.27, and 70.24±1.12 in Group-A, while 
167.2±4.85 and 77.30±4.22 in Group B, respectively. 
The average of CPB time in Group-A was 79.19±1.20 
and 78.18±2.09 in Group-B. Similarly, the average x-
clamp time in Group A was 47.33±2.14 and 51.66±3.16 
in Group B.  (Table 1) In our data there was significant 
difference found in packed cells infusions in prime 
70.38±33.97 and 96.15±24.15 with p-value 0.0002 and 
FFP and platelets transfusions with p-value 0.03 and 
0.02 respectively. Postoperative blood loss was also 
found significant p-value 0.001. However, no difference 
was found in packed cells infusions and FFP infusions 
intra-operatively between both groups with p-values 
0.61 and 0.35 respectively. (Table 2) 
 

Table-1: Descriptive Statistics of Demographics 
and Intra-operative variables 

 FFP (Group A) Control (Group B) 
Age 47.96±5.14 50.12±6.09 
Gender Male 25 (62.5%) 23 (57.5%) 

Female 15 (37.5%) 17 (42.5%) 
Height (cm) 165.0±6.27 167.2±4.85 
Weight (kg) 70.24±1.12 77.30±4.22 
CPB time 79.19±1.20 78.18±2.09 
X-Clamp time 47.33±2.14 51.66±3.16 

 
Table-2: Post-operative outcomes in both Groups. 
 FFP  

(Group A) 
Control  

(Group B) 
p-value 

Packed cells in Prime 
(cc) 

 
70.38±33.97 

 
96.15±24.15 

 
 0.0002 

Packed cells infusions  
intra-operative (cc) 

 
87.19±65.21 

 
98.40±63.63 

 
0.61 

Fresh Frozen Plasma 
infusion intra-operative  

 
11.85±3.19 

 
7.01±3.12 

 
0.35 

Packed cells infusions at 
ICU (cc) 

98.12±44.13 105.69±31.06 0.65 

Fresh Frozen Plasma 
infusions at ICU (cc) 

51±37.38 71.05±35.18 0.03 

Postoperative blood loss 
(ml/kg) 

5.1 ± 1.09 7.5 ± 1.3 0.001 

Platelets (cc) 3.07±1.41 7.60±0.67 0.02 
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DISCUSSION 

The present study evaluated the effect of priming the 
cardiopulmonary bypass (CPB) circuit with fresh 
frozen plasma (FFP) on perioperative blood product 
requirements in patients undergoing complex cardiac 
surgery. The principal finding of this study is that the 
use of FFP as a priming solution significantly 
reduced the requirement for packed red blood cells 
and platelets, particularly during CPB priming and in 
the early postoperative period, compared with 
conventional crystalloid-based priming. 

Baseline demographic and operative 
characteristics, including age, gender, height, weight, 
cardiopulmonary bypass (CPB) time, and aortic 
cross-clamp time, are presented in Table 1. The 
distributions of these characteristics appeared similar 
between the two groups. This similarity minimizes 
the influence of confounding variables and supports 
the conclusion that the observed differences in 
transfusion requirements were attributable primarily 
to the priming strategy rather than operative 
complexity or patient-related factors. 

The reduction in packed cell and platelet 
requirements observed in the FFP-primed group can 
be explained by attenuation of dilutional 
coagulopathy during initiation of CPB. Crystalloid 
priming is known to cause significant hemodilution, 
leading to decreased concentrations of coagulation 
factors and platelets, thereby increasing bleeding 
tendency and transfusion requirements. In contrast, 
FFP contains fibrinogen and other coagulation factors 
that help preserve hemostatic balance during CPB 
initiation, reducing the need for subsequent blood 
product supplementation. 
Our findings are consistent with previous studies 
reporting beneficial effects of plasma-enriched 
priming solutions. Abedzadeh M et al.8 demonstrated 
improved coagulation profiles and reduced 
postoperative blood product requirements in patients 
receiving FFP during CPB priming. Similarly, 
Brinkman AC et al. (14) reported that incorporating 
FFP into the CPB prime reduced postoperative 
hemorrhage and the need for transfusion. Abedzadeh 
M et al.8 also showed that FFP priming reduced 
hypofibrinogenemia, which is recognized as a key 
contributor to post-CPB bleeding. 

In contrast, some studies, particularly in 
pediatric populations, have reported no significant 
difference in postoperative bleeding between 
crystalloid and FFP priming strategies. Dieu et al. 
found comparable blood loss and transfusion 
requirements between the two groups.13 These 
discrepancies may be explained by differences in 
patient population, surgical complexity, transfusion 
thresholds, and perioperative coagulation 

management protocols. Unlike pediatric surgery, 
adult complex cardiac procedures often involve 
longer CPB times and higher baseline bleeding risk, 
which may amplify the benefits of FFP priming. 

In the present study, no significant 
difference was observed in intraoperative packed cell 
or FFP transfusion between groups. These findings 
suggest that the observed effect of FFP priming was 
primarily reflected in differences in selected blood 
product requirements, particularly postoperative FFP 
and platelet transfusion. The significantly lower 
platelet and FFP requirements in the intensive care 
unit further support the role of FFP priming in 
preserving postoperative hemostasis. 

CONCLUSION 

FFP-containing CPB priming was associated with 
lower PRBC requirements during priming and 
reduced postoperative FFP and platelet transfusions, 
with a significant difference in postoperative blood 
loss. However, intraoperative PRBC and FFP 
requirements were comparable between groups. 

Conflict of interest: None 
Funding: None 
Ethical approval: The protocol of this study was 
approved by the ethics committee of Punjab Institute 
of Cardiology, Lahore with the Ref Number: 
RTPGME-Research=318 

AUTHORS' CONTRIBUTION  
AH, WR, SG: Conceptualization of study design, 
write-up, proof reading. DS, MHM, FR, MM, AM: 
Data collection, data analysis, data interpretation, 
review.   

REFERENCES 

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, 

Cushman M, et al. Executive summary: heart disease and 

stroke statistics-2015 update: a report from the American 

Heart Association. Circulation 2015;131(4):434–41. 

2. Azarfarin R, Dashti M, Totonchi Z, Ziyaeifard M, 

Mehrabanian M, Alizadehasl A, et al. Efficacy of the “head-

up position” in returning cardiopulmonary bypass blood to 

the patient and reducing the required blood transfusion: a 

randomized trial. Iran Heart J. 2017;18(1):6–15. 

3. Farsad BF, Janipour M, Totonchi Z, Gorjipour F, Oroji Omid 

S. Effects of dexmedetomidine on surgical stress responses at 

patients under CABG. Biosci Biotechnol Res Asia 

2016;13(3):1537–45. 

4. Gorjipour F, Saeedzadeh T, Toloueitabar Y, Kachoueian N, 

Bahlouli Ghashghaei S, Mortazian M, et al. Remote ischemic 

preconditioning effects on inflammatory markers and 

myocardial protection in coronary artery bypass graft 

surgery. Perfusion 2022;37(1):56–61. 

5. Kachoueian N, Taiyari S, Mirza Aghayan M, Totonchi Z, 

Sadeghpour Tabaei A, Gorjipour F, et al. Hypothermia and 



J Ayub Med Coll Abbottabad 2026;38(1) 

87 

blood lactate during cardiopulmonary bypass in pediatric 

patients. Iran Heart J 2020;21(3):96–108. 

6. Darabi P, Kalo MB, Ali KM, Safari S, Yousefifard M, 

Hosseini M. COVID-19: features, clinical course and 

concerns. J Cell Mol Anesth 2020;5(2):102–13. 

7. Tabaei AS, Mortazian M, Yaghoubi A, Gorjipour F, Manesh 

SA, Totonchi Z, et al. Modified ultrafiltration in coronary 

artery bypass grafting: a randomized, double-blinded, 

controlled clinical trial. Iran Red Crescent Med J 

2018;20:e66187. 

8. Abedzadeh M, Kachoueian N, Fazli A, Pazhoha M, Omid 

SO, Vahid P, et al. The impact of using fresh frozen plasma 

in cardiopulmonary bypass preparation on 

thromboelastometric parameters and receiving blood 

products among pediatric patients undergoing cardiac 

surgery. J Cardiovasc Thorac Res 2023;15(1):9–13. 

9. Despotis GJ, Avidan MS, Hogue CW Jr. Mechanisms and 

attenuation of hemostatic activation during extracorporeal 

circulation. Ann Thorac Surg 2001;72(5):S1821–31. 

10. Chandler WL. Effects of hemodilution, blood loss, and 

consumption on hemostatic factor levels during 

cardiopulmonary bypass. J Cardiothorac Vasc Anesth 

2005;19(4):459–67. 

11. Boonstra PW, Gu YJ. Priming fluids for cardiopulmonary 

bypass. In: Techniques in extracorporeal circulation. 4th ed. 

London: Arnold; 2004. p. 99–107. 

12. Bianchi P, Cotza M, Beccaris C, Silvetti S, Isgrò G, Pomè G, 

et al. Early or late fresh frozen plasma administration in 

newborns and small infants undergoing cardiac surgery: the 

APPEAR randomized trial. Br J Anaesth 2017;118(5):788–

96. doi: 10.1093/bja/aex069. 

13. Dieu A, Rosal Martins M, Eeckhoudt S, Matta A, Kahn D, 

Khalifa C, et al. Fresh frozen plasma versus crystalloid 

priming of cardiopulmonary bypass circuit in pediatric 

surgery: A randomized clinical trial. Anesthesiology 

2020;132(1):95–106. 

14. Brinkman AC, Romijn JW, van Barneveld LJ, Greuters S, 

Veerhoek D, Vonk AB, et al. Profound effects of 

cardiopulmonary bypass priming solutions on the fibrin part 

of clot formation: an ex vivo evaluation using rotation 

thromboelastometry. J Cardiothorac Vasc Anesth 

20101;24(3):422–6. 

 
Submitted: March 5, 2025 Revised: July 27, 2025 Accepted: August 6, 2025 

Address for Correspondence: 
Asif Hassan, Avicenna Medical College Lahore-Pakistan 
Email: a_hassan11@hotmail.com 
 


