
272

Effect of cardiopulmonary bypass 
on neutrophil activity 
in pediatric open-heart surgery

Jarosław Paśnik1 , Krzysztof Siniewicz1 , Jadwiga Anna Moll2 ,
Jacek Moll3 , Zbigniew Baj4 , Andrzej Sysa2

and Krzysztof Zeman1

1 Department of Pediatrics and Preventive Cardiology and Immunology in Childhood, 

Medical University, Łódź, Poland
2 Department of Cardiology, Institute of the Polish Mother’s Health Center, Łódź, Poland
3 Department of Cardiac Surgery, Institute of the Polish Mother’s Health Center, Łódź, Poland
4 Department of Pathophysiology and Clinical Immunology, Medical University, Łódź, Poland

Source of support: grant no. KBN 2P05E 081 27 of the State Committee for Scientific Research

(KBN, Poland), grant no. 502−15−277 of the Medical University in Łódź.

Summary

Introduction: The nature of the participation of neutrophils in the post-cardiopulmonary bypass (CPB)
inflammatory response is not very clear. The aim of our study was to investigate alter-
ations in neutrophil phagocytic activity and adhesion molecule expression on these cells
in children during and after CPB.

Materials Twenty-one children aged 6–33 months with congenital heart disease, scheduled for pri-
and Methods: mary corrective surgery, were enrolled. The expressions of CD11b adhesion molecules

and Fcγ receptor on neutrophils and their phagocytic activity were evaluated. The stud-
ied markers were sequentially measured before, at the initiation of, and after CPB.

Results: During the course of the operation, CD11b molecule expression on neutrophils showed
a slight elevation at the start of CPB (876.5±104.8 mean fluorescence intensity, MFI, vs.
768.1±178.2; p=0.0047), followed by a significant decrease to 689.01±166.7 MFI after
completion of the procedure. The expression of CD11b molecule on neutrophils mea-
sured at the end of CPB inversely correlated with the duration of CPB (r= –0.68,
p=0.00059). The expression of CD16 antigen dropped significantly at the start of CPB
(1164.6±307.3 MFI vs. 1327.4±345.3 MFI; p=0.0007) and remained decreased until the
end of CPB (814.0±198.1 MFI).

Conclusions: These findings suggest that the characteristics of the neutrophil response to cardiac
surgery appear to depend on many factors. We demonstrated a link between the dura-
tion of CPB and adhesion molecule expression on neutrophils.

Key words: cardiopulmonary bypass • systemic inflammatory response syndrome • neutrophil • phagocytic
activity
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INTRODUCTION

Cardiac surgery is one of the most severe surgical
stresses to which a child can be exposed and is clini-
cally associated with systemic responses that can
influence the post-operative course1, 13. The inflam-
matory response to cardiac surgery is thought to be
induced by exposing patients to pro-inflammatory
factors. These include exposure of the blood to the
foreign surface of the cardiopulmonary bypass (CPB)
apparatus, myocardial reperfusion after de-clamping
of the aorta, reduction in pulmonary blood flow dur-
ing aortic cross-clamping, hypothermia, and the sur-
gical stress response3. It is generally accepted that
many mediators and immune cells take part in sys-
temic inflammatory response syndrome (SIRS) after
cardiac surgery. This process is associated with
endothelial cell injury, adhesion molecule dysregula-
tion, neutrophil activation, and initiation of the coag-
ulation cascade15, 16.

The nature of the participation of neutrophils and its
time course in the post-CPB inflammatory response,
however, is less clear. The extensive contact of the
blood with the synthetic foreign substances on the
surface of the CPB circuit is mainly responsible for
neutrophil activation17, 23. Activated neutrophils
migrate through the vascular wall: they roll onto the
endothelium, adhere firmly to it, spread over it, and
finally migrate into the tissues17, 20. After adhering to
endothelial cells, the neutrophils release toxic agents.
These products of neutrophil degranulation affect
the function and structure of the endothelium20, 24.
This endothelial cell damage leads to an increase in
the permeability of the vascular-endothelial barrier
and a generalization of the inflammatory process5, 10.

The aim of our study was to investigate alterations in
neutrophil phagocytic activity and adhesion molecule
expression on these cells in children during and after
CPB.

MATERIALS AND METHODS

Patients and clinical data

Twenty-one infants and children undergoing correc-
tive surgery with CPB for congenital heart disease
were studied at the Department of Cardiology of the
Institute of the Polish Mother’s Health Center in
£ódŸ. The patients included in this study had no
severe residual defects after repair and no known
pre-existing causes of vascular injury, such as recent
cardiac arrest, sepsis, or history of vasculitis. Neither
had they been receiving immunosuppressive or anti-
-inflammatory drugs before surgical intervention. The

protocol of the study was accepted by the local Ethics
Committee.

Midazolam was used for premedication. General
anesthesia was performed using sulfenthanyl
(1 mg/kg), thiopental (3–5 mg/kg), and pavulon
(0.1–0.15 mg/kg). In some children with body mass
<15 kg, intramuscular ketamine in a dose of 7.5–10
mg/kg was administered. A naso-tracheal intubation
was used. CPB was performed with a Jostra HL 20
(Jostra AG, Hirrlingen, Germany) apparatus and
Safe Micro or Safe Mini (Polystan AS, Vaerlose,
Denmark) oxygenators with laminar flow. Two cen-
tral and two peripheral veins were cannulated.
During CPB, central venous pressure, blood pres-
sure, O2 saturation, body temperature, hourly diure-
sis, ionogram, and hematocrit were measured. All
patients received 3 mg/kg of non-fractionated
heparin during surgery. Anticoagulation was con-
trolled by the measuring activated partial thrombo-
plastin time (APTT) with the aim to keep APTT
>300 s. Heparin action was neutralized by the admin-
istration of prothamine sulfate in a dose of 2 mg per
1 mg of heparin.

After cardiac surgery was completed, body tempera-
ture was allowed to recover and aortic cross-clamping
was stopped. CPB was discontinued when the hemo-
dynamic state was stable, and a systemic perfusion
pressure between 50 and 70 mm Hg was maintained.
Surgical data (type of intervention, CPB and aortic
cross-clamping time, minimum temperature on
bypass) of each patient are shown in Table 1. Patients
were considered to have received inotropic support if
they received an infusion of dobutamine, epineph-
rine, or dopamine >5 µg/kg/min for more than 6 h.

Blood samples (2 ml) were collected in heparin-con-
taining tubes from the arterial line of the patient or
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Table 1. Clinical characteristic of the studied patients

Parameter Studied patients
(n=21)

Age at surgery (months) 11.3 (6–33)
Sex (female/male) 11/10
Type of defect

transposition great arteries 3
tetralogy of fallot 7
aortic stenosis and aortic insufficiency 7
pulmonic atresia/stenosis 4

Cardiac operation duration (min) 148.6 (115–187)
CPB duration (min) 109.7 (85–145)
Aortic cross-clamping duration (min) 68.6 (51–95)
Lowest temperature (oC) 24.7 (19–25)
Post-operative inotropic agents (no. of patients) 6
Infection in the post-operative setting (no. of patients) 4



from the bypass circuit before anesthesia, at the start of
CPB, 30 min after the start of bypass, at the cessation
of CPB, and 24 h and 48 h after the cessation of CPB.

Preparation of leukocytes for flow cytometry 

The blood samples were stained by the whole-blood
technique. They were incubated with 20 µl of the
respective monoclonal antibodies for 15 min at room
temperature in the dark. The erythrocytes were then
lysed using Lysing Solution (BD-Biosciences,
Heidelberg, Germany). Thereafter, the leukocytes
were centrifuged for 5 min at 500 × g and washed
twice in 1 ml PBS and finally resuspended in 500 µl
PBS containing 0.5% paraformaldehyde (Sigma-
-Aldrich, St. Louis, Missouri, USA). The cells were
maintained at 4oC for analysis within 24 h.

Flow cytometry analysis 

We used monoclonal antibodies against integrin mol-
ecules: CD11b (BD-Biosciences, Heidelberg,
Germany), against Fcγ receptor: CD16 (Dako,
Glostrup, Denmark), and the appropriate isotype
control antibodies (BD-Biosciences, Heidelberg,
Germany). Antibodies were labeled with the fluores-
cent dyes fluorescein isothiocyanate (FITC) or phy-
coerythrin. A minimum of 20,000 leukocytes per sam-
ple were analyzed using a FACScan flow cytometer,
(BD-Biosciences, Heidelberg, Germany) calibrated
with Calibrate Beads (BD-Biosciences, Heidelberg,
Germany). The neutrophil data were extracted and
analyzed separately by gating these populations using
morphological characteristics displayed on a dot-plot
of FSC (a measure of cell size) vs. SSC (a measure of
cell granularity). Flow cytometry data were analyzed
with the CellQuest computer software package 
(BD-Biosciences, Heidelberg, Germany).

Phagocytic activity analysis

The phagocytic activity of neutrophils in whole blood
was evaluated with the PhagoTest reagent kit
(Orphegen Pharma, Heidelberg, Germany) using
flow cytometry. The method of quantitative assay for
investigating phagocytic activity was described in
detail previously7. Two assays of each sample (2 × 100
µl) were incubated with FITC-marked opsonized
E. coli, either at 0oC (control) or at 37oC for 10 min.
During the incubation period, FITC-marked E. coli
were ingested in the 37oC assay. To exclude extracel-
lular bacteria from measurement they were quenched
with a staining solution. The phagocytic activity of the
leukocytes was determined by the content of FITC-
-marked E. coli in the phagocytic cells, expressed as
mean channel fluorescence per cell.

Statistical study

The statistical evaluations were carried out with
Statistica for Windows version 5 (StatSoft Inc.,
USA). Data are expressed as mean ±SD. Time-
-dependent variations of biologic variables were ana-
lyzed by the Wilcoxon test. Alpha-adjustment for
repeated comparisons was performed according to
Bonferroni-Holm. The Spearman correlation coeffi-
cient was calculated for correlation analysis. A prob-
ability level of p<0.05 was considered significant.
A multiple regression model was used to explore
whether maximum CD11b, CD16, or phagocytic
activity were independently associated with duration
of CPB, aortic cross-clamping, circulatory arrest, or
with inotropic agent administration.

RESULTS

Twenty-one consecutive children undergoing cardiac
surgery with CPB were included in the study. They
were 11 girls and 10 boys, with a median age of 11.3
(range: 6–33) months. Seventeen children made an
uncomplicated recovery. Four patients developed
minor wound infection. Table 1 summarizes patient
epidemiological and operative data.

The expression of CD11b molecule before anesthesia
was 768.1±178.2; it increased at the start of CPB
(876.5±104.8; p=0.0047), and then returned to the
baseline (Fig. 1). The expression of CD16 dropped
significantly at the start of CPB and remained
decreased until the end of CPB. On the first post-
operative day the expression of this molecule
increased significantly in comparison with that before
anesthesia. The lowest phagocytic activity was
observed in the patients after the completion of
surgery. It was significantly decreased in comparison
with other times of measurement. On the first post-
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Figure 1. CD11b expression on neutrophils. * p<0.001 level
before anesthesia versus level at time-point.
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-operative day the phagocytic activity increased in
comparison with the pre-surgery level (Table 2). We
analyzed the relationship between the expression of
CD11b molecules, CD16 antigen, phagocytic activity,
and patient demographic and intraoperative data.
We found that the duration of CPB inversely corre-
lated with the expression of CD11b on neutrophils
measured at the end of CPB, but not with other times
of measurements (Fig. 2).

DISCUSSION

Neutrophils seem to play an important role in the
prevention of infections. Activation of these cells,
with the release of lysosomal enzymes and phagocyt-
ic activity, is a part of the bactericidal defense mech-
anism15, 20.

In our study we demonstrated a significant decrease
in phagocytic activity following CPB, with its lowest
value immediately after surgical intervention. The
lowest neutrophil phagocytic activity was also associ-

ated with a decrease in Fcγ (CD16) receptor expres-
sion on these cells. The pattern of response of neu-
trophil phagocytic activity to the CPB circuit in
infants had not been previously analyzed. However,
our findings in infants do agree with the results of the
few published studies that address neutrophil phago-
cytosis in response to CPB in adults. Hamano et al.8

studied phagocytosis of granulocytes during CPB in
adults using chemoluminescence. They found that
the reduction in phagocytic activity remained until 24
h after CPB. Demircioglu6 also showed a transient
decrease in phagocytosis during CPB in adults.
Furthermore, they demonstrated a correlation
between the duration of the bypass procedure and
the inhibition of leukocyte phagocytosis. Burrows et
al.4, in contrast, demonstrated that phagocytic activi-
ty of neutrophils in neonates did not show significant
changes during and after CPB.

Recent studies have provided evidence that in the
active phase of other severe systemic inflammatory
diseases, the phagocytic activity of and Fcγ receptor
expression on neutrophils are also decreased. In sep-
tic shock, for instance, low levels of both phagocyto-
sis and CD16 expression are related with greater clin-
ical severity and mortality14, 27. In this regard it is pos-
sible to suggest that the lack of phagocytotic response
could predispose the patient to serious infectious dis-
eases and can complicate the post-operative period in
infant patients.

In contrast to the other neutrophil functions, cardiac
surgery with CPB enhanced the CD11b expression on
neutrophils at the start of CPB, which then fell sig-
nificantly during cardiac surgery. Patrick et al.20 also
showed that a rise in the expression of adhesion mol-
ecules on neutrophils commenced toward the start of
bypass. The authors concluded that the increased
CD11b expression on neutrophils at the start of CPB
was associated with the priming of these cells. Our
recent study supported this hypothesis that the
increase in CD11b expression on neutrophils is the
earliest result of their priming19. Some authors sug-
gest that CPB directly primes neutrophils and also
potentiates the priming of neutrophils by tumor
necrosis factor α20. This state of priming, which can
be considered as a result of increased plasma levels of
inflammatory mediators, may suggest a mechanism
of predisposition to organ dysfunction following
CPB.

The current finding suggests that CPB may affect
neutrophil functions. We found that there was a sig-
nificant negative correlation between CD11b expres-
sion on neutrophils at the end of CPB and CPB dura-
tion. Our results are consistent with other reports9, 25.
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Table 2. Phagocytic activity of and Fcγ receptor expression on neu-
trophils

MFI % CD16

Before anesthesia 237.6±81.5 87.3±2.8 1327.4±345.3
Start of CPB 247.4±78.5 88.7±3.6 1164.6±307.3*
30 min into CPB 234.6±77.9 87.3±5.9 992.1±224.6*
End of CPB 194.7±59.8** 80.8±9.4 814.0±198.1*
24 h after CPB 350.5±109.8** 86.0±9.8 1508.7±123.9**
48 h after CPB 297.5±99.8 87.9±9.6 1577.4±304.7

Explanations: MFI – mean fluorescence intensity; % – percentage of
cells phagocytyzing E. coli.
* p<0.001 level before anesthesia vs. level at time-point; ** p<0.05
level before anesthesia vs. level at time-point.

Figure 2. Relationship between cardiopulmonary bypass duration
and CD11b expression on neutrophils at the end of CPB.
Spearman correlation coefficient r= –0.68; p=0.00059.
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It is generally accepted that the fall in adhesion mol-
ecule expression on neutrophils during cardiac
surgery is associated with a sequestration of these
cells2, 24. Activated neutrophils accumulate within the
pulmonary microvasculature after exposure to CPB.
The mechanism by which these cells are retained
intravascularly includes upregulation of endothelial
and neutrophil adhesion molecules with subsequent
neutrophil rolling and sticking. Although activated
neutrophils possess many enzymes important in the
killing of microorganisms, these cells may also pro-
duce tissue injury. Therefore, the neutrophils accu-
mulated within the capillary bed of the lung may
damage the endothelium and increase vascular per-
meability, thus increasing the risk of SIRS2, 22.

Limitations of the study

One of this study’s limitations is that it does not spec-
ify adequately the genotypic differences among the
patients tested. Recent publications have paid partic-
ular attention to the genetically determined individ-
ual diversity of the immune system’s response to
operational intrusion28. The highest concentrations
of pro- and anti-inflammatory cytokines in the
patients’ serum after a cardiac operation may depend
on polymorphisms of genes for those cytokines21, 28. It
is important to specify the risk of the occurrence of
post-operational inflammatory complications by
defining the antigen expression of the HLR-DR sys-
tem18, 21.

The authors of this study pointed out the consider-
able increase in CD11b expression on neutrophils at
the moment the operation was started. One of the
possible mechanisms to explain this fact could be
neutrophil priming20. However, other results
described in this paper do not support this notion.

There was no correlation found between CD11b
expression on neutrophils measured at the start of
the operation and CPB duration nor was there an
observed increase in neutrophil phagocytic activity in
the later stages of the operation or after the opera-
tion had ended. The phenomenon of neutrophil
sequestration in the lung circulation could be a possi-
ble explanation for higher CD11B expression only at
the beginning of the operation. As mentioned by the
other authors, it is mostly those neutrophils which
show high CD11b expression on their surface that
gather within the lung blood vessels20, 21. The func-
tional immaturity of the cells in newborns and early
infancy is conducive to the sequestration of the gran-
ulocytes21.

The development of post-operational inflammatory
complications after heart surgery is connected with
the procedures used during the operation. The corre-
lation between CD11b molecule expression on neu-
trophils and CPB duration shown in this study could
be a confirmation of the above hypothesis. The sta-
tistical analysis, however, did not show any other
dependencies between the tested parameters of the
immune system and clinical factors. In investigations
performed on adults it was observed that interdepen-
dencies occurred between the tested parameters of the
inflammatory reaction and the operation’s duration,
the duration of aorta cross-clamping, the extent of
hypothermia, and the use of inotropic drugs7, 11, 12, 26.

This study included children with various heart disor-
ders. It seems that further research concerning the
correlation between the procedures used during the
operation and parameters of the immune system
should be limited to more homogenous groups (e.g.
separate groups of children with cyanotic disorder
and a separate group of those with a leak disorder).
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