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BLEEDING is a well-documented and frequently encoun-

tered complication after cardiac surgery, affecting roughly

2%-to-10% of all patients.1 Major bleeding is a known risk

factor for significant morbidity and mortality after complex

cardiac surgery such as aortic surgery, left ventricular assist

device implantation, redo sternotomy, and transplant.2 The

definition of major hemorrhage remains controversial; how-

ever, most agree that bleeding requiring reoperation, transfu-

sion, or significant decreases in hemoglobin should qualify.

Numerous prophylactic agents have been studied for the reduc-

tion of bleeding and/or the need for transfusion. In this review,

the authors examine the use of fresh frozen plasma (FFP) for

priming the cardiopulmonary bypass (CPB) circuit and discuss

the lack of evidence supporting its routine use in this

population.

The etiology of bleeding after cardiac surgery has been stud-

ied extensively and likely is multifactorial. Several aspects of

the surgery and CPB machine itself can lead to anemia and/or

coagulopathy. Hemodilution from priming the CPB circuit is a

common phenomenon. This occurs in the setting of adding 1-

to-1.5 L of a balanced crystalloid solution to the circuit prior

to incorporation of the patient’s blood volume. Once bypass is

initiated, the addition of cardioplegia volume further exacer-

bates the dilutional effect.3 As an alternative, priming the CPB

circuit with the patient’s own blood is a commonly used prac-

tice (retrograde autologous priming) and can reduce the
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amount of hemodilution and subsequent anemia that occur.4

Although anemia itself can be a factor in bleeding and the

need for transfusion, coagulopathy is the more likely

offender.5 It has been well-described that the CPB circuit can

initiate an inflammatory cascade when blood interacts with the

nonendothelial surfaces of the CPB circuit. Hemostatic activa-

tion is mediated by complex interactive mechanisms including

both thrombin and plasmin. Complement activation and fibri-

nolysis soon follow, resulting in a consumption of factors and

platelets, leading to coagulopathy and bleeding.6,7 In light of

increased fibrinolysis, antifibrinolytic agents, such as tranexa-

mic acid and aminocaproic acid, are recommended for routine

use in cardiac surgery, with class 1A supporting evidence.8,9

Besides anemia and coagulopathy, antiplatelet agents can

provoke bleeding in patients undergoing cardiac surgery.

Patients with occlusive vascular disease frequently may be on

aspirin or clopidogrel prior to surgery. Perioperative recom-

mendations for discontinuation of such agents vary and are

based on the underlying risk for ischemia. The American Heart

Association, American College of Cardiology, and the Society

of Thoracic Surgeons (STS) recommend discontinuation of

adenosine diphosphate receptor inhibitors such as clopidogrel

five-to-seven days prior to elective cardiac surgery but cur-

rently do not recommend routine discontinuation of aspirin.10

The extent to which bleeding risk is increased while on these

agents has yet to be clearly defined. Currently, class 1A recom-

mendations from the STS suggest assessing the patient’s pre-

operative risk of bleeding. Patient risk factors to consider

include age, preoperative anemia, thrombocytopenia, complex
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operations, and medications such as aspirin and clopidogrel.

They recommend modification of such risk factors when clini-

cally possible, and include holding medications, hemoglobin

optimization, and iron supplementation.10

Prophylactic FFP use in cardiac surgery is based on the

premise that priming the CPB circuit will offset the dilutional

coagulopathy that may result in bleeding during high-risk

cases. As discussed above, bleeding during cardiac surgery is

multifactorial, likely a combination of preoperative risk factors

and intraoperative variables. A handful of studies have com-

pared priming the CPB circuit with FFP versus crystalloid.

Most of the literature, however, is based on experiences in the

pediatric population in nonblinded studies. A recent trial by

Dieu et al. looked at 59 pediatric patients undergoing congeni-

tal cardiac surgery, randomized to either prime the CPB circuit

with crystalloid or FFP. In this intention-to-treat, randomized

controlled trial (RCT), there was no significant difference in

the risk of postoperative bleeding between the two groups.

Postoperative bleeding was assessed by chest tube output and

need for transfusion in the first six hours after intensive care

unit arrival.11 In a similar trial, Miao et al. looked at 80 pediat-

ric patients randomized to either use FFP to prime the CPB cir-

cuit or an artificial colloid. This study used thromboelastogram

studies intraoperatively to assess coagulation. They found that

post-bypass, the group that was primed with FFP had signifi-

cantly higher fibrinogen levels after heparin reversal, but no

significant difference in bleeding occurred. They concluded

that prophylactic use of FFP is not an effective strategy for the

reduction of bleeding in cardiac surgery patients.12

Literature in the adult population mirrors that of the pediat-

ric experience. Prophylactic administration of FFP has been

studied both as a priming solution for CPB and as a post-

bypass intervention in the context of reducing blood loss. Con-

sten et al. looked at 50 patients undergoing elective cardiac

surgery and randomized them to either receive three units of

FFP after surgery or an equal volume of plasma substitute.

They found no significant differences between the two groups

in blood loss, transfusion requirements, or coagulation parame-

ters. All patients had their CPB circuit primed with crystalloid.

The group surmised that FFP was not beneficial because bleed-

ing postoperatively after cardiac surgery more likely was

related to platelet dysfunction rather than a factor deficiency.13

Several systematic reviews of prophylactic FFP have been

published with similar findings. Casbard et al. did an extensive

search of FFP administration during cardiac surgery and

reviewed six RCTs that included 363 patients. The review

reached several conclusions. First, the quality of evidence on

this topic was low, as most of the studies were small and often

underpowered. Secondly, the studies that did exist did not

show any evidence that prophylactic use of FFP affected blood

loss after cardiac surgery. Lastly, although the administration

of FFP was not associated with a decrease in bleeding, there

was some evidence that it did improve both platelet count and

fibrinogen concentration.14 Therefore, although prophylactic

FFP improved coagulation parameters, it had no impact on

clinical bleeding. In yet another review, Stanworth et al.

included RCTs looking at FFP use in multiple clinical
scenarios. In the subsection of cardiac surgery patients, pro-

phylactic FFP was compared to either no FFP or to a nonblood

product. Similar to previous reviews, they found that FFP

administration resulted in no significant reductions in either

blood loss or transfusion requirements.15

In a more recent review similar to that of Stanworth et al.,

Yang et al. looked at FFP in the context of cardiac surgery,

liver disease, anticoagulation reversal, plasmapheresis, burns,

and shock. The largest cohort of studies was in cardiac surgery,

and they found six additional studies since Stanworth et al.’s

review. They found that studies continued to suffer from low

quality and small cohorts, but the analysis yielded a similar

result. Prophylactic use of FFP in nonbleeding patients under-

going cardiac surgery had no consistent clinical benefit. The

combination of Stanworth et al.’s and Yang et al.’s reviews

looked at 19 trials and 948 patients, which to date is the largest

cohort of patients that has been studied in this area.15,16 The

most recent and perhaps most comprehensive review of the

prophylactic use of FFP, specific for cardiac surgery, was pub-

lished in 2015 by Desborough et al. The group reviewed 15 tri-

als and found no conclusive evidence to support the

administration of prophylactic FFP to patients without coagul-

opathy who are undergoing elective cardiac surgery. Interest-

ingly, the patients who were randomized to the FFP arm had a

significant increase in red blood cell transfusions.17 It begs the

question, does prophylactic FFP have the unintended effect of

diluting hemoglobin and contributing to anemia? Although the

literature is not robust, multiple systematic reviews have

reached the same conclusion. In light of this evidence, the

American Society of Anesthesiologists Task Force on Periop-

erative Blood Management currently does not recommend the

prophylactic administration of FFP during cardiac or any

surgery.18

Although there is no conclusive evidence in support of the

prophylactic use of FFP in cardiac surgery, there is, however,

a plethora of literature discussing the risks of such administra-

tion. For the past two decades, FFP has been used increasingly

in nonbleeding patients to correct abnormal coagulation stud-

ies or for prophylaxis in high-risk patients. Despite increasing

utilization of FFP, the risks of transfusion have remained the

same. Known risks of FFP transfusion include transfusion-

associated circulatory overload, infection, and anaphylaxis.

Perhaps the most worrisome or fatal risk is transfusion-related

acute lung injury (TRALI). In 2003, TRALI became the lead-

ing cause of mortality related to transfusion, of which FFP is

the worst offender. Patients often develop acute shortness of

breath and pulmonary edema within hours of FFP or other

product administration. Estimated mortality after TRALI is

anywhere from 5%-to- 25%, although most cases are manage-

able and resolve within a couple of days with supportive

care.19 The exact cause or pathophysiologic mechanism for

TRALI remain controversial, but several risk factors have

been identified. Patients with direct lung injury understandably

are at higher risk for developing TRALI but less obvious indi-

rect risk factors include severe sepsis, shock, pancreatitis, and

cardiopulmonary bypass.20 So the question must be posed:

why administer an unnecessary product to a patient population
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that is already under a heightened risk for developing a poten-

tially fatal complication?

Complications after cardiac surgery are not uncommon and

are associated with increased morbidity and mortality. The

STS currently classifies five postoperative complications as

major complications. These include stroke, acute kidney

injury, prolonged mechanical ventilation, reoperation, and

sternal infection. Reoperation often is related to postoperative

bleeding and associated with increased mortality.20,21 Accord-

ing to national registries, in 2010, 34% of patients undergoing

cardiac surgery required a blood transfusion.22 As discussed

above, transfusions are not benign and carry significant risk.

Blood conservation and the avoidance of transfusion during

cardiac surgery continue to be areas where more attention

should be focused. Prospective RCTs are warranted and

frankly necessary in this arena. However, based on the current

literature, it is the authors’ opinion that priming the CPB pump

with FFP exposes patients to known risks of transfusion. Pro-

phylactic FFP administration in the CPB circuit is neither

effective in reducing blood loss nor the need for transfusion.
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