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Complement activation on the surface of 
cell-derived microparticles during cardiac 
surgery with cardiopulmonary bypass – is 
retransfusion of pericardial blood harmful?

É Biró1, JM van den Goor2, BA de Mol2, MC Schaap1,  L-Y Ko1,
A Sturk1, CE Hack3, R Nieuwland1

Abstract
Objectives  To investigate whether cell-derived microparticles play a role in complement activation in pericardial blood 
of patients undergoing cardiac surgery with cardiopulmonary bypass (CPB) and whether microparticles in pericardial 
blood contribute to systemic complement activation upon retransfusion.
Methods Pericardial blood of 13 patients was retransfused in 9 and discarded in 4 cases. Microparticles were isolated 
from systemic blood collected before anesthesia (T1) and at the end of CPB (T2), and from pericardial blood. The 
microparticles were analyzed by flow cytometry for bound complement components C1q, C4 and C3, and bound 
complement activator molecules C-reactive protein (CRP), serum amyloid P-component (SAP), immunoglobulin (Ig)M 
and IgG. Fluid-phase complement activation products (C4b/c, C3b/c) and activator molecules were determined by ELISA.
Results Compared with systemic T1 blood, pericardial blood contained increased C4b/c and C3b/c, and increased 
levels of microparticles with bound complement components. In systemic T1 samples, microparticle-bound CRP, whereas 
in pericardial blood, microparticle-bound SAP and IgM were associated with complement activation. At the end of 
CPB, increased C3b/c (but not C4b/c) was present in systemic T2 blood compared with T1, while concentrations of 
microparticles binding complement components and of those binding complement activator molecules were similar. 
Concentrations of fluid-phase complement activation products and microparticles were similar in patients whether or 
not retransfused with pericardial blood.
Conclusions In pericardial blood of patients undergoing cardiac surgery with CPB, microparticles contribute to activation 
of the complement system via bound SAP and IgM. Retransfusion of pericardial blood, however, does not contribute to 
systemic complement activation.

Introduction
Cardiac surgery with cardiopulmonary bypass (CPB) is 
associated with a systemic inflammatory response. Factors 
such as contact of blood with the surface of the CPB cir-
cuit, surgical trauma, ischemia/reperfusion injury, endo-
toxemia, retransfusion of suctioned pericardial blood and 
administration of protamine can all contribute to a com-
plex series of inflammatory reactions, encompassing the 
complement system, cytokines, leukocyte activation and 
the acute phase response.1-3 This can lead to respiratory 
failure, myocardial dysfunction, renal insufficiency, altered 
liver function, neurocognitive defects, coagulopathy or 
even multiple organ failure.1-3

Activation of the complement system associated with 
cardiac surgery with CPB is biphasic. First, during the 
surgical procedure, activation of the alternative pathway 
of complement predominates, presumably as a result of 

contact of the blood with the artificial surfaces of the 
extracorporeal circuit4,5 and, at the end of the surgical 
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procedure, classical pathway activation also contributes, 
which is thought to result from protamine administra-
tion and formation of heparin-protamine complexes.5,6 
The second phase of complement activation ensues in 
the postoperative period and is thought to result from 
classical pathway activation by C-reactive protein (CRP), 
which is increased as a part of the acute phase response.5

It has long been a subject of discussion whether blood 
collected from the pericardial cavity during cardiac sur-
gery with CPB should be retransfused into the patients 
during surgery. The rationale behind doing so is to reduce 
the need for allogeneic blood products, although several 
reports have suggested that this practice results in hemo-
static impairment as well as an increased systemic inflam-
matory response, manifesting itself in increased levels of 
leukocyte activation markers, cytokines and complement 
activation products in the systemic circulation of the 
patients and an increased acute phase response.3,7,8

Pericardial blood of patients undergoing cardiac 
surgery with CPB contains high concentrations of cell-
derived microparticles9 which are small vesicles released 
from cells upon activation or apoptosis.10 Microparticles 
may play a role in the activation of the complement 
system via the classical pathway. This had been demon-
strated in vitro by showing the binding of complement 
component C1q (the first component of the classical 
pathway of complement) to microparticles as well as the 
deposition of complement components C4 and C3.11 C4 
and C3 are components of the complement cascade 
which bind covalently to activating surfaces.12,13

Recently, we showed that microparticles with bound 
C1q, C4 and/or C3 on their surface are present in ex vivo 
human samples, supporting the role of microparticles in 
complement activation in vivo.14,15 For example, synovial 
fluid of patients suffering from rheumatoid arthritis (RA) 
contains high levels of such microparticles, while plasma 
of these patients and of healthy individuals contains much 
lower levels.14

CRP, serum amyloid P component (SAP), immuno-
globulin (Ig)M and IgG are molecules which, upon 
binding to a suitable ligand (also on the surface of 
microparticles), can bind C1q and thereby activate the 
classical pathway of complement.16-19 In RA synovial 
fluid, immunoglobulin G (IgG) and IgM molecules were 
implicated in complement activation on the surface of 
the microparticles, whereas in plasma of both RA patients 
and healthy individuals, CRP was found to be associated 
with complement activation.14

In the present study, we investigated the numbers of 
microparticles with bound C1q, C4 and/or C3 on their 
surface, indicative of activation of the complement system 
on the surface of these microparticles, in pericardial blood 
of patients undergoing cardiac surgery with CPB. We also 
analyzed the presence of complement activator molecules 
(CRP, SAP, IgM, or IgG) on these microparticles. Secondly, 

we investigated whether retransfusion of pericardial blood 
affects systemic complement activation.

Methods
Study design
The study design has been detailed previously.20 Briefly, 
thirteen patients who underwent elective coronary artery 
bypass grafting assisted by CPB were included prospec-
tively. Inclusion criteria were body surface area >1.66 m2 
and preoperative hemoglobin levels >7.5 mmol/L. 
Exclusion criteria were combined valve surgery or aneu-
rysmectomy, redo operations, insulin-dependent diabe-
tes mellitus, renal or hepatic dysfunction, preoperative 
coagulopathy, preoperative intra-aortic balloon pump-
ing and protocol violation (complications). The first 
8 patients were randomly allocated to one of two groups. 
In the first group of patients, suctioned pericardial blood 
was retransfused, whereas in the second group, it was 
discarded. Because of the small volumes of retransfused 
pericardial blood in the first group, the following 5 
consecutive patients all received pericardial blood. Two 
of the patients who were retransfused with pericardial 
blood also received allogeneic blood products (red cell 
concentrates). For a description of the extracorporeal 
system and the surgical procedure see the manuscript of 
van den Goor et al.20 This study was approved by the 
ethical committee of the Academic Medical Center of the 
University of Amsterdam and complies with the princi-
ples of the Declaration of Helsinki. All patients had given 
their written informed consent.

Collection of blood samples
Systemic arterial blood samples for this study were 
obtained before induction of anesthesia (T1) and after 
removal of the aortic cross-clamp just before termination 
of CPB (T2). In the first group of patients, pericardial 
suction blood was retransfused immediately after release 
of the aortic cross-clamp. About 5 minutes later, the 
systemic arterial blood sample T2 was collected and CPB 
terminated. Samples of pericardial blood were collected 
immediately before retransfusion. All blood samples were 
anticoagulated with 10.5 mmol/L trisodium citrate. Blood 
cells were removed by centrifugation (1550g, 20 minutes, 
room temperature) immediately after sample collection 
and the plasma was aliquotted, snap-frozen in liquid 
nitrogen and stored at –80°C.

Measurement of fluid-phase complement activation 
products and complement activator molecules
Plasma samples (250 mL aliquots) were thawed on melting 
ice and made microparticle-free by centrifugation at 
19000g for 60 minutes at 4°C. The upper 200 mL of the 
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microparticle-free supernatants were collected and ana-
lyzed for concentrations of the soluble complement activa-
tion products C4b/c (C4b, inactivated C4b and its further 
degradation product C4c) and C3b/c (C3b, inactivated 
C3b and its further degradation product C3c) as well as 
SAP by enzyme-linked immunosorbent assays (ELISA), as 
described previously.21,22 CRP, IgM and IgG concentrations 
were analyzed on the automated clinical chemistry ana-
lyzer Modular Analytics P800 using Tina-quant reagents 
(Roche Diagnostics, Basel, Switzerland).

Flow cytometric analysis of microparticles and	
bound complement components or complement 
activator molecules
Microparticles were isolated from plasma as we described 
previously.23 Samples (250 mL aliquots) were thawed on 
melting ice then centrifuged at 19000g for 30 minutes 
at room temperature to pellet the microparticles. Sub
sequently, 225 mL of the supernatants were removed and 
225 mL of phosphate-buffered saline (PBS; 154 mmol/L 
NaCl, 1.4 mmol/L phosphate, pH 7.4) containing 10.5 
mmol/L trisodium citrate (PBS/citrate) were added. 
Microparticles were resuspended, then again pelleted by 
centrifugation, after which 225 mL of supernatant were 
again removed. To the remaining 25 mL microparticle 
pellet 75 mL of PBS/citrate buffer were added and the 
microparticles were resuspended.

Flow cytometric analysis was performed using an indi-
rect staining procedure.23 Microparticles (5 mL aliquots) 
were incubated for 30 minutes at room temperature in a 
final volume of 50 mL of PBS containing 2.5 mmol/L 
CaCl

2
 (PBS/Ca, pH 7.4) and unlabeled mouse monoclo-

nal antibodies against bound complement factors (C1q, 
C4, C3) or bound complement activator molecules (CRP, 
SAP, IgM, IgG), or the respective isotype-matched control 
antibodies [clones MOPC-31C (IgG

1
) and G155-178 

(IgG
2a

) from Becton Dickinson and Company (BD) 
Pharmingen, San Jose, CA, USA]. The monoclonal anti-
bodies against C1q, C4, C3, CRP and SAP (clones C1q-2, 
C4-4, C3-15, 5G4, and SAP-14, respectively) were 
described previously.22,24-26 Antibodies against the heavy 
chains of IgM and IgG molecules (clones MH15-1 and 
MH16-1, respectively) were obtained from Sanquin 
(Amsterdam, the Netherlands). After incubation with the 
antibodies, the microparticles were washed with 200 mL 
of PBS/Ca. Then, rabbit anti-mouse F(ab’)

2
-phycoerythrin 

[F(ab’)
2
-PE; Dako, Glostrup, Denmark; 5 mL] was added 

and the mixtures were again incubated for 30 minutes at 
room temperature.

Subsequently, 400 mL of buffer were added and the 
microparticles analyzed on a FACSCalibur flow cytome-
ter with CELLQuest 3.1 software [BD Immunocytometry 
Systems, San Jose, CA, USA]. Acquisition was performed 

for 1 minute per sample, during which the flow cyto
meter analyzed approximately 60 mL of the suspension. 
Forward scatter and side scatter were set at logarithmic 
gain. To identify marker positive events, thresholds 
were set based on microparticle samples incubated with 
similar concentrations of isotype-matched control anti-
bodies. Calculation of the number of microparticles per 
liter plasma was based upon the particle count per unit 
time, the flow rate of the flow cytometer, and the net 
dilution during sample preparation of the analyzed 
microparticle suspension.

Statistical analysis
All results were corrected for hemodilution using IgG 
values. Data were analyzed with SPSS 14.0 (SPSS Inc., 
Chicago, IL, USA) and GraphPad PRISM 3.02 (GraphPad 
Software, Inc., San Diego, CA, USA). Differences between 
retransfused and not retransfused patients were analyzed 
using an independent samples t-test, and differences 
between systemic T1 and pericardial, as well as systemic 
T2 samples, were analyzed using one-way analysis of 
variance (ANOVA), followed by Bonferroni’s multiple 
comparison test. Correlations were determined using 
Pearson’s correlation test. Differences and correlations 
were considered significant at P 0.05. Data are presented 
as mean ± standard deviation.

Results
Complement activation on the surface of microparticles 
in pericardial blood of patients undergoing cardiac 
surgery with CPB
Levels of the fluid-phase complement activation products 
C4b/c and C3b/c, and of the complement activator mole-
cules CRP, SAP, IgM and IgG, in the various sample groups 
are shown in Figure 1A, B and C. In systemic T1 samples of 
patients undergoing cardiac surgery with CPB, the levels of 
C4b/c and C3b/c were low, whereas in the pericardial blood 
of these patients collected during the surgical procedure, 
their levels were 14- and 26-fold elevated compared to 
systemic T1 samples, respectively, indicating increased 
complement activation in pericardial blood. The levels of 
CRP did not differ between systemic T1 and pericardial 
blood samples, while levels of SAP and IgM tended to be 
decreased. Levels of IgG molecules, present in relatively 
high concentrations, were used to correct for hemodilution 
of pericardial and systemic T2 blood during the surgical 
procedure.

The total concentration of microparticles in systemic T1 
samples of the patients was 1094±433x106/L, whereas in 
pericardial blood, this was 10251±5741x106/L (P < 0.001). 
Levels of microparticles with bound complement compo-
nents C1q, C4 or C3 on their surface were 10-, 19- and 
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26-fold higher, respectively, in pericardial blood compared 
with systemic T1 blood of the patients, indicating increased 
complement activation on the surface of microparticles in 
pericardial blood (Figure 1D).

The concentrations of microparticles with bound 
CRP on their surface did not differ between pericardial 
and systemic T1 blood of the patients, but concentrations 

of microparticles with bound SAP, IgM and IgG were 
highly increased in pericardial blood (Figure 1E). To get 
an indication as to which of these activator molecules 
plays a role in complement activation on the surface of 
the microparticles, we correlated the numbers of mic-
roparticles with activator molecules to those with bound 
C1q on their surface. In systemic T1 blood, the numbers 

Figure 1.  Concentrations of fluid-phase complement activation products (A) and fluid-phase complement activator molecules 
(B and C), as well as the concentrations of microparticles with bound complement components (D) or complement activator 
molecules on their surface (E) in systemic T1, pericardial, and systemic T2 samples obtained from patients undergoing cardiac surgery 
with CPB.
Data are presented as mean ± standard deviation and are corrected for hemodilution using IgG values. Differences between systemic T1 and 
pericardial as well as systemic T2 samples were analyzed using one-way analysis of variance (ANOVA), followed by Bonferroni’s multiple comparison 
test. Two-tailed significance levels are provided (P), which were considered significant at P < 0.05. *P < 0.05; **P < 0.01; ***P < 0.001.
CPB, cardiopulmonary bypass; CRP, C-reactive protein; IgG, immunoglobulin G; IgM, immunoglobulin M; MP, microparticles; N.A., not applicable; 
N.S., not significant; SAP, serum amyloid P component; T1, systemic arterial samples obtained before induction of anesthesia; T2, systemic arterial 
samples obtained at termination of CPB.
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of microparticles with bound CRP correlated with the 
numbers of microparticles binding C1q. Furthermore, 
the numbers of microparticles with bound C1q corre-
lated with those with bound C4 (Table 1), indicating fur-
ther downstream activation of complement components 
by C1q on the surface of the microparticles. In contrast, 
in pericardial blood, the correlation between micro
particles with bound CRP and C1q was absent, while 
microparticles with bound SAP and those with bound 
IgM correlated with microparticles with bound C1q. In 
turn, microparticles with bound C1q on their surface 
correlated with microparticles with bound C3 (Table 1).

Effect of retransfusion of pericardial blood on systemic 
complement activation in patients undergoing cardiac 
surgery with CPB
Pericardial blood was retransfused into 9 patients and 
discarded in 4 cases. Systemic T2 samples were collected 
about 5 minutes after retransfusion, before termination of 
the bypass procedure. There were no differences between 
the two patient groups at the start of the CPB procedure 
(T1), except for C4b/c, which was 1.7-fold higher in the 
not retransfused patients compared with retransfused 
patients (Tables 2 and 3). The absolute value of this differ-
ence, however, was small, since levels of C4b/c were low in 
both groups. Pericardial blood of retransfused and not 
retransfused patients did not differ regarding any of the 
parameters measured (Tables 2 and 3).

In systemic T2 samples, the levels of C4b/c were un-
changed compared to systemic T1 samples, whereas levels 
of C3b/c were 17-fold higher, indicating complement 

activation via the alternative pathway (Figure 1A). There 
were no differences between patients retransfused and 
patients not retransfused with their collected pericardial 
blood (Table 2). The levels of CRP and IgM did not differ 
between systemic T1 and T2 samples, while levels of SAP 
were decreased (Figure 1B and C). Again, there were no 
differences between retransfused and not retransfused 
patients regarding these parameters (Table 2). Also, when 
calculating the increases or decreases in these fluid-phase 
complement activation products or complement activator 
molecules in systemic T2 samples relative to T1, retrans-
fused and not retransfused patients showed no differences 
(Figure 2A, B and C).

The total concentration of microparticles in systemic T2 
samples of the patients was 1101±414x106/L, which did
not differ significantly from systemic T1 samples (P 0.05). 
Levels of microparticles in systemic T2 samples with bound 
complement components C1q, C4 or C3 on their surface 
also did not differ from systemic T1 samples (Figure 1D) 
and the same was true for the concentrations of micro
particles with bound CRP, SAP, IgM or IgG (Figure 1E). 
There were no differences between systemic T2 samples 
of retransfused and not retransfused patients regarding 
the total concentration of microparticles or the concentra-
tion of microparticles binding the various complement 
components or complement activator molecules (Table 3). 
Furthermore, when calculating the increases or decreases 
in the concentrations of microparticles binding the various 
complement components or complement activator mole-
cules in systemic T2 samples relative to T1, retransfused 
and not retransfused patients again showed no differences 
(Figure 2D and E).

Table 1.  Correlations between the concentrations of microparticles binding the various complement components or complement 
activator molecules in systemic T1, pericardial, and systemic T2 samples of patients undergoing cardiac surgery with CPB

All patients
(n=13)

Systemic T1 Pericardial Systemic T2

r P r P r P

CRP pos. MP vs. C1q pos. MP 0.776 0.002 0.368 0.217 0.689 0.009
SAP pos. MP vs. C1q pos. MP 0.402 0.173 0.919 0.000 0.523 0.067
IgM pos. MP vs. C1q pos. MP –0.055 0.859 0.554 0.050 0.116 0.705
IgG pos. MP vs. C1q pos. MP –0.131 0.669 0.283 0.348 –0.023 0.940
C1q pos. MP vs. C4 pos. MP 0.767 0.002 0.518 0.070 0.455 0.118
C1q pos. MP vs. C3 pos. MP 0.334 0.265 0.647 0.017 0.262 0.388

Correlation analysis was performed using Pearson’s correlation test (r, correlation coefficient; P, two-tailed significance level, considered significant at 
P < 0.05).
CPB, cardiopulmonary bypass; CRP, C-reactive protein; IgG, immunoglobulin G; IgM, immunoglobulin M; MP, microparticles; pos., positive; SAP, serum 
amyloid P component; T1, systemic arterial blood samples obtained before induction of anesthesia; T2, systemic arterial blood samples obtained at 
termination of CPB.
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In systemic T2 samples, similarly to systemic T1 sam-
ples, the numbers of microparticles with bound CRP 
correlated with the numbers of microparticles with 
bound C1q. However, the latter did not correlate with 
the concentrations of microparticles with bound C4 or 
C3 (Table 1).

Discussion
The first aim of the present study was to investigate 
whether cell-derived microparticles play a role in the 
activation of the complement system in pericardial 
blood of patients undergoing cardiac surgery with CPB. 

In pericardial blood samples, compared with systemic 
blood samples of the patients at the beginning of sur-
gery, we found highly increased levels of soluble com-
plement activation products of both the classical and 
the alternative pathway, as well as highly increased levels 
of microparticles with bound complement components 
on their surface, indicating that microparticles indeed 
play a role in complement activation in pericardial 
blood. Levels of C4b/c and C3b/c did not correlate with 

Table 2.  Concentration of fluid-phase complement activation 
products and complement activator molecules in systemic T1, 
pericardial, and systemic T2 samples obtained from patients 
undergoing cardiac surgery with CPB

Retransfused
(n=9)

Not retransfused
(n=4) P

Systemic T1
C4b/c (nmol/L) 4.6 ± 1.8 7.6 ± 2.5 *
C3b/c (nmol/L) 15.2 ± 9.9 18.4 ± 4.4 N.S.
CRP (mg/L) 4.5 ± 6.5 3.5 ± 4.8 N.S.
SAP (mg/L) 60.0 ± 21.7 62.1 ± 17.1 N.S.
IgM (g/L) 0.63 ± 0.36 0.79 ± 0.74 N.S.
IgG (g/L) 8.3 ± 1.6 7.0 ± 0.8 N.S.

Pericardial
C4b/c (nmol/L) 74.2 ± 95.6 75.7 ± 46.2 N.S.
C3b/c (nmol/L) 450.9 ± 243.2 375.6 ± 86.3 N.S.
CRP (mg/L) 4.5 ± 5.8 3.5 ± 4.5 N.S.
SAP (mg/L) 51.8 ± 22.0 59.0 ± 21.4 N.S.
IgM (g/L) 0.57 ± 0.29 0.76 ± 0.68 N.S.
IgG (g/L) 8.3 ± 1.6 7.0 ± 0.8 N.A.

Systemic T2
C4b/c (nmol/L) 11.0 ± 9.0 10.7 ± 3.3 N.S.
C3b/c (nmol/L) 273.4 ± 172.3 282.4 ± 125.0 N.S.
CRP (mg/L) 4.5 ± 6.1 3.6 ± 4.7 N.S.
SAP (mg/L) 51.3 ± 21.2 60.2 ± 23.2 N.S.
IgM (g/L) 0.58 ± 0.30 0.79 ± 0.69 N.S.
IgG (g/L) 8.3 ± 1.6 7.0 ± 0.8 N.A.

Data are presented as mean ± standard deviation and are corrected for 
hemodilution using IgG values. 
Differences between retransfused and not retransfused patients were 
analyzed using an independent samples t-test. Two-tailed significance 
levels are provided (P), which were considered significant at P < 0.05.
*P < 0.05.
CPB, cardiopulmonary bypass; CRP, C-reactive protein; 
IgG, immunoglobulin G; IgM, immunoglobulin M; N.A., not applicable; 
N.S., not significant; SAP, serum amyloid P component; T1, systemic 
arterial samples obtained before induction of anesthesia; T2, systemic 
arterial samples obtained at termination of CPB.

Table 3.  Concentration of microparticles with bound 
complement components or complement activator molecules 
on their surface in systemic  T1, pericardial, and systemic  
T2 samples obtained from patients undergoing cardiac surgery 
with CPB

Retransfused
(n=9)

Not retransfused
(n=4) P

Systemic T1
C1q pos. MP (x106/L) 178 ± 136 81 ± 32 N.S.
C4 pos. MP (x106/L) 170 ± 112 213 ± 43 N.S.
C3 pos. MP (x106/L) 103 ± 62 138 ± 42 N.S.
CRP pos. MP (x106/L) 157 ± 211 79 ± 70 N.S.
SAP pos. MP (x106/L) 774 ± 560 457 ± 120 N.S.
IgM pos. MP (x106/L) 356 ± 326 312 ± 203 N.S.
IgG pos. MP (x106/L) 49 ± 40 54 ± 47 N.S.

Pericardial
C1q pos. MP (x106/L) 1908 ± 2166 619 ± 440 N.S.
C4 pos. MP (x106/L) 3019 ± 2289 4794 ± 2910 N.S.
C3 pos. MP (x106/L) 3130 ± 3915 2735 ± 1402 N.S.
CRP pos. MP (x106/L) 467 ± 558 99 ± 81 N.S.
SAP pos. MP (x106/L) 2735 ± 3105 1789 ± 1262 N.S.
IgM pos. MP (x106/L) 5185 ± 5189 5475 ± 3074 N.S.
IgG pos. MP (x106/L) 2512 ± 1692 3165 ± 2607 N.S.

Systemic T2
C1q pos. MP (x106/L) 104 ± 69 98 ± 47 N.S.
C4 pos. MP (x106/L) 174 ± 96 170 ± 79 N.S.
C3 pos. MP (x106/L) 137 ± 129 117 ± 68 N.S.
CRP pos. MP (x106/L) 69 ± 58 72 ± 78 N.S.
SAP pos. MP (x106/L) 442 ± 405 506 ± 278 N.S.
IgM pos. MP (x106/L) 351 ± 260 219 ± 86 N.S.
IgG pos. MP (x106/L) 92 ± 66 72 ± 26 N.S.

Data are presented as mean ± standard deviation and are corrected for 
hemodilution using IgG values. 
Differences between retransfused and not retransfused patients were 
analyzed using an independent samples t-test. Two-tailed significance 
levels are provided (P), which were considered significant at P < 0.05.
CPB, cardiopulmonary bypass; CRP, C-reactive protein; 
IgG, immunoglobulin G; IgM, immunoglobulin M; MP, microparticles; 
N.A., not applicable; N.S., not significant; pos., positive; SAP, serum 
amyloid P component; T1, systemic arterial samples obtained before 
induction of anesthesia; T2, systemic arterial samples obtained at 
termination of CPB.
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microparticles binding C1q, C4 or C3 (data not shown), 
most likely because microparticles are not the only 
surfaces on which complement activation occurs in the 
pericardial cavity.

Regarding the activator molecules involved in com-
plement activation on the surface of the microparticles, 
in systemic T1 blood CRP was implicated, in line with 
our previous results obtained with systemic blood sam-
ples of healthy individuals.14 In contrast, in pericardial 

blood, both SAP and IgM seemed to play a role, accord-
ing to our present results. The reason behind the differ-
ent mechanisms of complement activation on the surface 
of the microparticles in pericardial (SAP, IgM) versus 
systemic blood samples (CRP) is not clear. Possibly, diff
erent surface antigens or lipids are exposed in the outer 
leaflet of the membrane of the microparticles in the 
highly activated pericardial blood as compared with sys-
temic blood, which may affect the binding of CRP, SAP, 

Figure 2.  Differences between systemic T2 and T1 samples in retransfused versus not retransfused patients, regarding 
concentrations of fluid-phase complement activation products (A) and fluid-phase complement activator molecules (B and C), as 
well as the concentrations of microparticles with bound complement components (D) or complement activator molecules on their 
surface (E).
Data are presented as mean ± standard deviation and are corrected for hemodilution using IgG values. Differences between retransfused and not 
retransfused patients were analyzed using an independent samples t-test. Two-tailed significance levels are provided (P), which were considered 
significant at P < 0.05.
CPB, cardiopulmonary bypass; CRP, C-reactive protein; IgG, immunoglobulin G; IgM, immunoglobulin M; MP, microparticles; N.A., not applicable; N.S., 
not significant; SAP, serum amyloid P component; T1, systemic arterial samples obtained before induction of anesthesia; T2, systemic arterial samples 
obtained at termination of CPB.
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IgM and IgG, as well as the mechanisms of complement 
activation.

The second aim of this study was to investigate whether 
retransfusion of pericardial blood increases the numbers 
of microparticles with activated complement components 
on their surface in systemic blood, thereby possibly con-
tributing to dissemination of the inflammatory response. 
Our results argue against this. At the end of CPB (T2), 
increased levels of soluble C3b/c were found, reflecting 
increased complement activation via the alternative path-
way. This increase was not paralleled by an increase in the 
numbers of microparticles binding the various comple-
ment components or complement activator molecules. 
Importantly, systemic samples of retransfused and not 
retransfused patients collected at the end of the CPB did 
not differ in concentrations of fluid-phase complement 
activation products, nor in concentrations of microparti-
cles with activated complement components on their sur-
face, suggesting that retransfusion of pericardial blood 
does not have any consequences regarding systemic com-
plement activation in these patients. Clinically, we also did 
not observe any complications. Furthermore, these results 
are in line with our findings in a parallel study in which we 
showed that retransfusion of pericardial blood, which also 
contains high levels of microparticles exposing procoagu-
lant tissue factor,9,27 did not trigger systemic coagulation 
activation.20 These results can probably be explained by the 
rapid clearance of the microparticles from the systemic 
circulation, for example, via complement receptors or 
receptors for phosphatidylserine on phagocytes.28-30 
Clearance of cell-derived microparticles within 10 minutes 
after injection has also been shown in a rabbit model.31

In systemic T2 samples, similarly to systemic T1 sam-
ples, CRP bound to the microparticle surface was associ-
ated with C1q binding. However, in contrast to systemic 
T1 samples, C1q binding could not be related to further 
downstream activation of complement on the micropar-
ticle surface. The reason for this is as yet unclear, but one 
may speculate that levels of several complement inhibi-
tors, such as C1-inhibitor, may have blurred the relation 
between C1q binding and complement activation.

In conclusion, this study suggests that microparticles play 
a role in complement activation in the pericardial blood of 
patients undergoing cardiac surgery with CPB. This activa-
tion is initiated by SAP and IgM molecules bound to the 
microparticle surface. However, despite highly elevated lev-
els of microparticles with bound complement components 
and complement activator molecules on their surface in 
pericardial blood, retransfusion of this blood does not con-
tribute to systemic complement activation in the patients.
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