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Abstract: Different organ perturbation and multiple complications might occur after cardiopulmonary bypass (CPB).
A variety of solutions might be used for pump priming with different advantages and disadvantages. The advantage of fresh frozen plasma (FFP) inclusion in pump prime has been shown in post-CPB coagulation management.
Acquired hypogammaglobulinemia is the disadvantage of albumin (ALB) pump prime. Our aim was to assess the
impact of FFP prime on the post-pump serum level of immunoglobulin G (IgG) and its subclasses. Fifty-six patients
under the age of 5 years old who were scheduled for cardiac surgery on CPB were randomly primed with FFP or ALB.
Any innate or acquired immune deficiency was considered as exclusion criteria. The pre-CPB and 24-hour post-CPB
collected blood samples were analyzed by the nephelometric method for the plasma level of IgG and its four subclasses. Twenty-two patients (mean age and weight of 13 months and 6.8 kilograms) in the ALB prime group and
26 patients (mean age and weight of 15 months and 8.1 kilograms) in the FFP prime group completed the study.
Using paired t-test and repeated measures ANOVA test, patients in the ALB prime group had a significant drop in the
post-CPB serum level of total IgG (597±138 mg/dL to 379±179 mg/dL, P value <0.001) and its two subclasses of
IgG1 and IgG3. In contrast, there was a slight elevation in the serum level of total IgG (549±207 mg/dL to 630±180
mg/dL, P value =0.008) and its two subclasses of IgG2 and IgG4 in patients who had FFP prime solution. In conclusion, compared to the ALB prime solution, FFP inclusion in prime could hamper the pediatric post-CPB induced
hypogammaglobulinemia.
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Introduction
Immune dysregulation after cardiopulmonary
bypass (CPB) has been described in children
and adults [1-3]. Acquired hypogammaglobulinemia after cardiac surgery has been reported as the impact of CPB on the humoral immune
system [4, 5]. CPB might be primed with a variety of solutions including albumin (ALB), artificial colloids and FFP [6, 7]. There is still debate
on the advantages of the different prime solutions [8-10]. The advantage of FFP priming in
reducing the risk of hemorrhage and coagulopathy has been shown in the literature [9, 10].
In a retrospective case study, Rhodes et al

showed the reducing trend of serum immunoglobulin G (IgG) level in patients undergoing cardiac surgery with CPB primed by ALB [1]. While
Ryhanen et al [11] found the post-CPB depression in the serum level of all three immunoglobulin classes, Parker et al [12] described the
unchanged level of serum IgM and IgA after
cardiac surgery. Moreover, hypogammaglobulinemia has been associated with a variety of
clinical adverse effects including the increased
risk of post-cardiac surgery infection [1-3, 5].
However, in our practice we encountered
patients with FFP prime solution whose serum
IgG level did not show the typical post-CPB
reducing trend. To the best of our knowledge
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Table 1. Demographic characteristics and cardiac
structural abnormalities in ALB and FFP prime groups
Variable
Weight (kg)
Age (month)
Male gender, N (%)
Diagnosis N (%)
ALCAPA
Aortic stenosis
ASD
AVSD
Cor triatriatum
HLHS
Tricuspid Atresia
Tetralogy of the Fallot
TAPVC
TGA+VSD
TGA
VSD+COA
VSD

ALB prime FFP prime
N=22
N=26
6.8±2.7
8.1±4.2
13±11.4
15±14.1
10 (45)
11 (42)
0
1 (4.5)
1 (4.5)
3 (13.5)
1 (4.5)
1 (4.5)
1 (4.5)
5 (23)
1 (4.5)
1 (4.5)
0
0
7 (32)

P value,
X2/t-test
0.21
0.45
0.82

1 (4)
1 (4)
1 (4)
3 (11)
1 (4)
0
1 (4)
6 (23)
2 (8)
0
1 (4)
1 (3.8)
8 (30)

ALB, Albumin; FFP, Fresh frozen plasma; X2, Chi-square; ALCAPA,
Anomalous origin of left coronary artery from the pulmonary artery;
ASD, Atrial septal defect; AVSD, Atrioventricular septal defect; HLHS,
Hypoplastic left heart syndrome; TAPVC, Total anomalous pulmonary venous connection; TGA, Transposition of the great arteries;
VSD, Ventricular septal defect; COA, Coarctation of aorta.

Table 2. Comparison of RACHS-1 score [13, 14] in risk
category in ALB and FFP prime groups
RACHS -1 score in risk category P value,
1
2
3
4
5
6 χ2 test
ALB prime N=22 1
14 5
1
0
1
0.8
FFP prime N=26 1
18 7
0
0
0
Prime groups

ALB, Albumin; FFP, Fresh frozen plasma; RACHS, Risk adjustment
for congenital heart surgery; X2, Chi-square.

the effect of FFP pump priming on the fate of
post-CPB serum immunoglobulin levels has not
yet been studied. Therefore, we decided to conduct a study to assess the impact of FFP pump
priming on the total serum IgG level and more
specifically its four subclasses after pediatric
cardiac surgery.
Materials and methods
Patients and pump priming
Fifty-six patients with congenital heart disease
who were scheduled to undergo heart surgery
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on CPB enrolled in a parallel-group prospective study from March 2019 to
January 2020. Patients less than 5 years
old were randomly divided into two groups
of CPB with either ALB or FFP as the prime
solution. The ALB prime pump included
albumin 20% 1 g/kg, mannitol 20% 0.5 g/
kg and packed red blood cells to achieve
the target hematocrit. Calcium 60 mg/kg,
MgSO4 50 mg/kg, unfractionated heparin
150 IU/kg and 1 meq/kg of sodium bicarbonate to reach a PH of 7.4 were added in
addition to the serum Ringer. Randomizing
in half of the patients (FFP group), 30 to 40
ml/kg of FFP was added to the prime solution instead of albumin. Exclusion criteria
included a preexisting immune deficiency
and syndromes affecting the immune system such as DiGeorge syndrome and trisomy 21. Reoperation (previous thymectomy), preoperative phlebotomy and transfusion of blood products (including IVIG)
and postoperative bleeding requiring surgical hemostasis were other exclusion criteria. Data related to technical errors in
sample collection and storing were also
excluded.
Serum total IgG and subclasses measurement
Pre-CPB and 24-hour post-CPB plasma
level of IgG and its four subclasses were
analyzed by the nephelometric method.
The collected blood samples for measuring the serum immunoglobulin level were
centrifuged for 10 minutes at 2500 rpm
and frozen to -20° Celsius.
Anesthesia and perioperative management
Anesthesia was induced by either ketamine or
propofol and maintained by continuous intravenous infusion of midazolam, fentanyl and cisatracurium. Custodiol cardioplegia was used
for myocardial protection. All patients received
ultrafiltration for zero balance. Heparin neutralization by protamine was done according to the
protocol of anticoagulation profile. Peritoneal
dialysis catheter was implanted for neonates
and patients with complex congenital heart disease. All patients received prophylactic antibiotic regimens of either cefazolin or vancomycin
in combination with amikacin at the onset of
ICU admission.
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Table 3. Perioperative variables and fluid balance in ALB and FFP prime groups
Variable
CPB time (minutes)
Cross-clamp time (minutes)
Mechanical ventilation (hours)
ICU-stay (days)
First 24-hour intake (ml/kg)
First 24-hour output (ml/kg)
First 24-hour chest tube drainage (ml/kg)
First 24-hour net fluid balance (ml/kg)

ALB prime
N=22
113±41
76±26
70±130
7.4±5.7
100±33
159±90
19±14
-79±94

FFP prime
N=26
107±39
73±38
44±109
6.5±4.3
85±26
146±42
10±5
-71±59

P value, t-test
0.58
0.75
0.45
0.58
0.07
0.50
0.004
0.72

ALB, Albumin; CPB, Cardiopulmonary bypass; FFP, Fresh frozen plasma; ICU, Intensive care unit.

Table 4. Pre and post-CPB laboratory variables in ALB and FFP prime
groups
Variable
ALB prime N=22 FFP prime N=26 P value, t-test
Pre-CPB
Albumin (g/dL)
3.4±0.65
3.8±0.99
0.06
Total protein (g/dL)
4.9±0.90
5.4±1.27
0.10
BUN (mg/dL)
10±4.9
9±3.5
0.38
Cr (mg/dL)
0.58±0.12
0.52±0.14
0.06
CRP (mg/L)
2±2.9
2±2.6
0.59
3
WBC (10 /µL)
10.71±3.09
9.92±2.51
0.33
Neutrophil (103/µL)
3.83±1.85
3.36±1.5
0.34
Lymphocyte (103/µL)
5.81±2.24
4.87±2.61
0.19
NLR
0.8±0.48
0.8±0.89
0.81
Hct (%)
40±6.6
39±8.3
0.63
Platelet (103/µL)
331±88.8
304±98.9
0.33
PT (seconds)
14.5±1.47
15.0±1.72
0.28
PTT (seconds)
37±7.9
37±6.5
0.89
INR
1.2±0.21
1.3±0.19
0.39
Post-CPB
Albumin (g/dL)
3.9±0.63
4.0±0.39
0.42
Total protein (g/dL)
5.3±0.76
5.8±0.47
0.03
BUN (mg/dL)
12±5.0
11±4.8
0.70
Cr (mg/dL)
0.55±0.20
0.54±0.14
0.84
CRP (mg/L)
36±22.7
38±17.39
0.80
Procalcitonin (ng/ml)
5.5±4.9
5.9±6.5
0.81
WBC (103/µL)
15.83±5.83
12.77±5.24
0.06
Neutrophil (103/µL)
10.71±4.77
8.53±4.50
0.11
Lymphocyte (103/µL)
4.39±2.21
3.52±1.37
0.10
NLR
3±1.4
3±2.2
0.67
Hct (%)
36±10
37±6.2
0.60
Platelet (103/µL)
90±10.6
85±11.6
0.18
PT (seconds)
23±9.4
15±3.4
0.002
PTT (seconds)
43±22.2
33±4.8
0.07
INR
1.9±0.61
1.3±0.24
<0.001
ALB, Albumin; BUN, Blood urea nitrogen; CPB, Cardiopulmonary bypass; Cr, Creatinine; CRP, C-reactive protein; FFP, Fresh frozen plasma; Hct, Hematocrit; INR, International normalized ratio; NLR, Neutrophil/Lymphocyte ratio; PT, Prothrombin time; PTT,
Partial thromboplastin time; WBC, White blood cell.

93

The study was approved by
the ethics committee of Tehran University of Medical
Sciences with the code of
IR.TUMS.CHMC.REC.1398.
136. Informed consent was
obtained for blood sample
extraction to check the serum immunoglobulin level
and also having access to
the patients’ medical files.
Statistical analysis
SPSS Software version
19.0 (SPSS, Inc, Chicago,
III) was used for statistical
analysis. All normally distributed data were expressed as mean ± standard
deviation. The significance
of the difference between
2 groups was assessed by
t-test, repeated measures
ANOVA (RM-ANOVA) test,
Chi-square (χ2) test and
Fisher’s exact test as appropriate. T-test was used to
compare the means of two
sets of different data, while
RM-ANOVA as the extension
of dependent t-test was
used for the related groups.
Fisher’s exact test was
applied to the sets of categorical data as well as Chisquare test, especially when the sample size was small. Pearson’s and Spearman’s correlation coeffici-
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Table 5. Comparison of pre and post-CPB serum Immunoglobulin G (IgG) level and its subclasses
within and between two groups of ALB and FFP prime
ALB prime N=22
Serum IgG (mg/dL)

FFP prime N=26

Post-CPB

IgG1

395±110

223±134

<0.001

375±158

374±130

0.95

<0.001

IgG2

125±43

109±62

0.34

118±60

190±53

<0.001

<0.001

IgG3

59±35

33±16

<0.001

45±25

40±17

0.09

0.003

IgG4

17±19

12±14

0.13

10±11

24±12

<0.001

<0.001

597±138

379±179

<0.001

549±207

630±180

0.008

<0.001

IgG total

Pre-CPB

Post-CPB

P value
Paired t-Test

P value, between groups
RM-ANOVA test

Pre-CPB

P value
Paired t-Test

ALB, Albumin; CPB, Cardiopulmonary bypass; FFP, Fresh frozen plasma; RM-ANOVA test, Repeated measures analysis of variance.

Figure 1. Comparison of pre and post-CPB serum level of total IgG in the ALB and FFP prime groups (ALB,
Albumin; CPB, Cardiopulmonary bypass; FFP, Fresh
frozen plasma; IgG, Immunoglobulin G).

ents were used to measure the strength of
association between parametric and nonparametric variables, respectively. The P value of
less than 0.05 was considered significant.
Results
Forty-eight out of 56 patients who were enrolled
in the study have completed the exam. One
patient in the FFP prime group and 2 patients in
the ALB prime group were excluded because of
failure to be separated from CPB. Technical
error in sample storing resulted in the removal
of one patient in each group. Moreover, 3 additional patients were excluded from the ALB
prime group because of massive hemorrhage
requiring surgical hemostasis. Table 1 shows
the demographic characteristics of 26 patients
in the group of FFP prime compared to the
matched 22 patients in the group of ALB prime.
The details of both groups’ congenital heart
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disease pathology are also shown in Table 1.
The risk of postoperative mortality regarding
the risk adjustment for congenital heart surgery score (RACHS-1) [13, 14] was similar for
both groups (Table 2). No significant difference
was found between the means of CPB time,
aortic cross clamp time, duration of mechanical ventilation and ICU-stay of the two groups
(Table 3). Patients in FFP prime group had lower
mean chest tube drainage over the first 24-hour
admission in the ICU compared to the ALB
prime group; 10±5 ml/kg vs. 19±14 ml/kg,
t-test, P value =0.004 (Table 3). The comparison of the first 24-hour total intake and output
in both groups is also shown in Table 3. The
mean of 24-hour net fluid balance was negative
for both groups without any significant statistical difference (t-test, P value =0.72, Table 3).
Peritoneal dialysis was done in 2 patients in the
ALB prime group and in one patient in the FFP
prime group.
Perioperative lab exams
The means of pre and post-pump total protein,
ALB, BUN and creatinine are shown in Table 4
without any significant statistical difference
except for the increased serum level of postCPB total protein in the FFP prime group (5.3±
0.76 g/dL vs. 5.8±0.47 g/dL, t-test, P value
=0.03). Table 4 also demonstrates the pre and
post-pump WBC count, lymphocyte count, neutrophil count, neutrophil/lymphocyte ratio
(NLR), platelet count and the acute phase reactants of C-reactive protein (CRP) and procalcitonin (only post-pump) without prominent difference among the two groups. Also shown in
Table 4, the means of pre and post-pump partial thromboplastin time (PTT) did not differ
between the ALB and FFP prime groups, however the post-pump values of prothrombin time
(PT) (23±9.4 sec vs. 15±3.4 sec, t-test, P value
=0.002) and INR (1.9±0.61 vs. 1.3±0.24, t-test,
Am J Clin Exp Immunol 2020;9(5):91-100
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seen in the subclasses of
IgG1 (395±110 mg/dL to 223±
134 mg/dL, paired t-test, P
value <0.001) and IgG3 (59±
35 mg/dL to 33±16 mg/dL,
paired t-test, P value <0.001).
Interestingly, the serum levels
of IgG2 (118±60 mg/dL to
190±53 mg/dL, paired t-test,
P value <0.001) and IgG4 (10±
11 mg/dL to 24±12 mg/dL,
paired t-test, P value <0.001)
increased in the group that FFP
was added to the prime solution (Figure 2).
Blood products donor exposure
We also checked the donor
exposure per patient from the
transfusion of blood products
in both groups as seen in Table
6. FFP prime group had significantly higher donor exposure
Table 6. Donor exposure from blood products per patient in ALB
from FFP transfusion (t-test, P
and FFP prime groups
value <0.001) while in the ALB
Variable
ALB prime N=22 FFP prime N=26 P value, t-test
prime group, this was signifiFFP
0.6±0.64
1.8±0.85
<0.001
cant for the packed red blood
Packed red blood cell
2.7±0.74
1.6±0.56
<0.001
cell and cryoprecipitate transfusion (t-test, P value <0.001).
Platelet
1.3±0.46
1.1±0.30
0.15
No difference was seen for
Cryoprecipitate
1.9±0.78
1±0.0
<0.001
platelet transfusion (t-test, P
Total
5.3±2.12
3.9±1.22
0.006
value =0.15). Overall, the ALB
ALB, Albumin; FFP, Fresh frozen plasma.
prime group had a significantly
higher donor exposure comP value <0.001) were significantly higher in the
pared to the FFP prime group (5.3±2.12 U/
ALB prime group.
Patient vs 3.9±1.22 U/Patient, t-test, P value
=0.006).
Serum total IgG and subclasses
Serum IgG and perioperative variables correlaTable 5 shows the serum total IgG and its four
tion
subclasses concentration before and after
CPB in the two groups. Using paired t-test and
The univariate correlation between perioperarepeated measures ANOVA test, pre-CPB serum
tive variables and post-CPB serum total IgG
total IgG and its subclasses were balanced
level was demonstrated in Table 7. Post-CPB
between the two groups. The mean of post-CPB
serum total IgG in the ALB prime group was
serum total IgG was significantly dropped in the
inversely correlated with CPB time, aortic cross
ALB prime group (597±138 mg/dL to 379±179
clamp time and C-reactive protein (Pearson’s
mg/dL, paired t-test, P value <0.001) compared
Correlation Coefficient, r=-0.67, P value =
to the slight elevation of concentration in the
0.006, and r=-0.65, P value =0.001, r=-0.51,
FFP prime group (549±207 mg/dL to 630±180
P value =0.01 respectively). Moreover, the
mg/dL, paired t-test, P value =0.008) (Figure
RACHS-1 score was inversely correlated with
1). The significant drop in ALB prime group was
post-CPB serum total IgG either (Spearman’s
Figure 2. Comparison of pre and post-CPB serum level of IgG subclasses
in the ALB and FFP prime groups (ALB, Albumin; CPB, Cardiopulmonary bypass; FFP, Fresh frozen plasma; IgG, Immunoglobulin G).
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Table 7. The correlation of total Immunoglobulin G and perioperative variables in ALB and FFP prime
groups

Cardiopulmonary bypass time (minutes)
Cross clamp time (minutes)
RACHS-1 score risk category
First 24-hour net fluid balance (ml/kg)
Postoperative CRP (mg/L)

ALB prime N=22
Correlation*
P value
-0.67
0.006
-0.65
0.001
-0.78₤
<0.001
0.10
0.65
0.51
0.01

FFP prime N=26
Correlation*
P value
-0.12
0.56
0.05
0. 81
-0.18₤
0.39
-0.07
0.74
0.36
0.07

ALB, Albumin; CRP, C-reactive protein; FFP, Fresh frozen plasma; RACHS, Risk adjustment for congenital heart surgery, *Pearson’s correlation coefficient, ₤Spearman’s correlation coefficient.

correlation coefficient, r=-0.78, P value <
0.001). However, no significant correlation was
found in the group of FFP prime (Table 7).
Morbidity and mortality
There was only one culture proven infection
with staphylococcus epidermidis in the group of
ALB prime who had palliative Senning procedure. We also had one mortality in the ALB
prime group in a neonate with hypoplastic left
heart syndrome because of acute kidney injury
after the stage I Norwood procedure.
Discussion
Hypogammaglobulinemia as the impact of CPB
on the humoral immune system after cardiac
surgery has been documented in several studies [1, 2, 4, 5]. Hemodilution, denaturation,
sequestration and extravasation are different
possible mechanisms that lower the level of
serum IgG after CPB [4, 5, 12, 15]; Moreover
proteinuria and protein loss from the drains
have been addressed as other causes [16, 17].
Importantly the post-CPB hypogammaglobulinemia was associated with the increased risk
of postoperative infection. Patients are predisposed to pulmonary infection [2]. Several postCPB pan-resistant gram negative pneumonia
leading to death has been reported [2, 5].
Specific infections associated with IgG subclass deficiency are summarized in Table 8
[18-22].
In consistent with Rhodes study [1] our patients
in the ALB prime group showed a prominent
drop in the serum level of post-CPB gammaglobulin, dominantly in two subclasses of IgG1
and IgG3. However, adding FFP to the prime
solution in values of more than 30-40 ml/kg
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instead of albumin aborted the post-CPB drop
of serum total IgG and its subclasses.
Conversely, our patients in the FFP prime group
had an elevated serum level of IgG2 and IgG4.
Opposite to the finding of Acunas et al that
claiming FFP transfusion in neonatal sepsis
does not increase the serum IgG levels (except
for IgA and IgM levels) [23], we found that FFP
exposure especially in prime solution will prevent the postoperative hypogammaglobulinemia.
Acute kidney injury post-CPB might increase
the immunoglobulin filtration in the urine [17,
24]. Although the serum creatinine in 8 patients
with total IgG level of less than 300 mg/dL was
higher than those with lesser decline in serum
IgG, the statistical difference was not meaningful. Furthermore, the similarity of serum creatinine level as a marker of acute kidney injury
in both groups, ruled out the renal injury as
the major initial cause for hypogammaglobulinemia. It is noteworthy that our findings did
not support the theory of hemodilution as the
mechanism of hypogammaglobulinemia either
[5], because the net fluid balance in the first 24
hours was similar in both groups. Moreover, the
serum albumin level that leaves the intravascular space in case of capillary leak event [15]
was not statistically different between the two
groups. It has been shown that hypogammaglobulinemia might prolong the duration of
mechanical ventilation and ICU stay and
increase the incidence of fluid overload [25],
however our findings were not in the same
direction (Table 3).
Although one might speculate that the different
antioxidant capacity of the FFP and ALB prime
solutions is the cause of opposite response in
the IgG serum levels, Molicki et al showed that

Am J Clin Exp Immunol 2020;9(5):91-100

The impact of FFP prime on gammaglobulin
Table 8. Associated infections with IgG subclasses deficiency [18-22]
IgG subclass deficiency

Total
Common infection and pathogen
IgG%

IgG1

60%

Sinopulmonary infection, Septicemia, Osteomyelitis, Diarrhea, Skin infection, Meningitis

IgG2

32%

Sinopulmonary infection, Infection with streptococcus pneumonia, Haemophilus influenzae type b, Neisseria meningitidis

IgG3

4%

Sinopulmonary infection with Moraxella catarrhalis, Streptococcus pyogenes, Gastrointestinal infection, Lymphocytic meningitis, Herpes simplex infection, Erysipelas

IgG4

4%

Pulmonary infection, Mucocutaneous candidiasis

lgG, Immunoglobulin G.
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both solutions had a very low capacity of antioxidants [26]. Neutrophils act as the trigger for
direct cell injury and activation of inflammatory
cascade [27, 28]. Despite the less elevation in
post-pump neutrophil count in FFP prime group,
the inclusion of FFP in prime solution could not
prevent the post-CPB changes in absolute
count of neutrophil and neutrophil/lymphocyte
ratio (Table 4). There was an inverse correlation
between CRP and post-CPB serum IgG level in
the ALB prime group that was aborted by FFP
inclusion in pump prime solution (Table 7).
Since the level of CRP and procalcitonin as the
indirect evidence of systemic inflammatory
response syndrome [29, 30] were the same in
both prime groups, one can postulate that
instead of FFP inflammatory suppressive characteristic, it is the globulin content of FFP that
keeps elevated the serum IgG level after CPB.
The clinical benefit of FFP prime in promoting
the hemostatic function and reducing the risk
of bleeding after CPB has been shown in several studies [9, 10, 31]. However, in a recent
trial by Dieu et al [8], there was no significant
difference in the postoperative bleeding and
the need for allogeneic blood product transfusion between the crystalloid and FFP primed
groups. In consistent with McCall et al study
[31] we showed that including FFP in the prime
solution would reduce the risk of blood product
donor exposure (Table 6). Moreover, the less
need for packed red blood transfusion results
in maintained post-pump serum immunoglobulin level. It is assumed that postoperative
replacement of bleeding solely by the packed
red blood cell devoid of globulins will worsen
the magnitude of hypogammaglobulinemia [2,
31]. If pump prime with FFP inhibits post-CPB
immunoglobulin depletion, then the risk of
postoperative infections due to hypogammaglobulinemia will decline as an advantage of
pump priming with FFP. Although we did not find
any evidence of postoperative infection in the
group of FFP prime, the small sample size of
our study did not let us conclude statistically
that FFP in prime would reduce the risk of postoperative infection.
Limitation of study
Since we only measured the first 24-hour serum
immunoglobulin level after CPB, the potential
ongoing loss of IgG in pleural and peritoneal fluids, urine output and intestinal extravasation
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could not be judged. The immunoglobulin concentration in the fluid loss was not measured
either. Moreover, our study suffers from the
lack of measuring the pro-inflammatory cytokines of IL-6, IL-8 and IL-12 and TNF-Alpha to
assess the impact of the capillary leak on the
IgG balance.
In conclusion, our results were in favor of avoiding hypogammaglobulinemia post-CPB in case
of pump priming with FFP. The reduced risk of
bleeding and less risk of blood product donor
exposure are other beneficial aspects of CPB
prime with FFP. However, a larger sample size
of patients with a more sophisticated method
of study including interleukins and other inflammatory cytokines measurement is necessary to
compare the impact of different CPB prime
solutions on the immune system post pediatric
cardiac surgery.
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