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ABSTRACT

Objective: Our aim in this study is to investigate the relationship between mortality and morbidity of phosphorylcholine
coated oxygenator circuit used in heart-lung machine in congenital open-heart surgery operations.

Material and Method: The study was conducted in Dr. Sami Ulus Child Diseases Training and Research Hospital Cardiovascular
Surgery Clinic between 2008-2009. 30 congenital heart patients were included. The patients were divided into 2 groups of 15
people. In one of the groups, a phosphorylcholine coated oxygenator circuit was used in the heart lung machine (Group
P). In the other group, a standard oxygenator circuit was used (Group C).Congenital heart surgery was performed for 19
ventricular septal defects (VSD), 5 secundum atrial septal defects (ASD), 3 primum ASD, 2 mitral insufficiency and 1 discret
subaortic membrane. Extubation times, intensive care and discharge times, 24-hour drainage follow-up, inotropic drug use,
blood and fresh frozen plasma (FFP) transfusion amount, aspartate aminotransferase, alanine aminotransferase, creatine
phosphokinase-MB, urea, blood urea nitrogen, creatinine, white cell number of platelets, lactate dehydrogenase, albumin, total
protein, C-reactive protein, prothrombin time, partial thromboplastin time, fibrinogen, D-dimer, C5a and elastase levels were
compared perioperatively.

Results: In the study, it was determined that the discharge time was shorter in Group P. It was found that the increase in
d-dimer values with fibrinogen was less in Group P. These were found to be statistically significant (p<0.05). There was no
significant difference between groups in other parameters (p>0.05). There was no mortality in either group.

Conclusion: In this study, phosphorylcholine-coated oxygenator did not significantly reduce the inflammatory response
during cardiopulmonary by-pass (CPB). There was no difference between the two groups in terms of morbitidity and mortality.
However, the fact that fibrinogen values, which are the acute phase reactants, are lower than the control group and the increase
in d-dimer values remain limited may be important in terms of hemocompatibility of the phosphorylcholine coated circuit.
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INTRODUCTION

Cardiac surgery is a procedure widely used in congenital
and adult cardiac patients all over the world (1). Open-
heart surgery was first performed by Gibbon (2). A
cardiopulmonary bypass (CPB) machine is used to
perform heart surgeryin astilland bloodless environment
(3). In surgery, myocardial damage and contact of patient
blood with large artificial surfaces during CPB results in a
strong systemic inflammatory response. The oxygenator,
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one of the main parts of the heart-lung machine, consists
of a membrane with a large foreign surface area where
oxygen and carbon dioxide are exchanged (4). Children
may experience a much more severe inflammatory
response during CPB than adults. The reason for this
is that their immunological development has not yet
been completed and the blood touches a larger foreign
surface than the body area (5). Due to the release of
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many inflammatory cytokines by CPB, activation of
complement and coagulofibrinolytic systems is the main
reason of this systemic inflammatory response (6,7).The
complement system consists of more than 30 plasma
proteins. They are potent vasoactive anaphylotoxins
interacting with each other (8). C5a, formed in the
early phase of CPB, is a potent chemotactic protein that
promotes neutrophil chemotaxis, degranulation, and
superoxide formation (9). Neutrophils have a strong
proteolytic and cytotoxic substance stores. Azurophilic
granules contain lysozyme, myeloperoxidase, cationic
proteins, elastase, collagenase, proteinase-3, acid
hydrolase, defensins and phospholipase. These
substances, which enter the circulation from neutrophils
activated by C5a, mediate the symptoms of "systemic
inflammatory response syndrome" (SIRS) seen in CPB
and cardiac surgery (10,11). Neutrophil-endothelial
interaction, which is formed by increasing adhesion
molecules during systemic inflammatory response, has
been shown as the cause of organ failure that develops
after CPB (12).

This inflammatory response may cause complications
such as myocardial dysfunction, respiratory failure,
renal and neurological disorders, bleeding diathesis,
liver dysfunction and multi-organ failure that may
occur in the postoperative period (13). Foreign surfaces
in the circuits used in cardiopulmonary bypass are
the main cause of SIRS. Therefore, in practice, many
mechanical and pharmacological methods are used
to prevent this negative inflammation caused by CPB.
Different surface coatings are used for the control and
reduction of SIRS occurring in these methods. These
are Polymethoxyethylacrylate, Albumin, heparin and
heparin-polymer combinations (14).

The hemo and biocompatibility of surface coatings is very
important. The hemocompatibility and biocompatibility
criteria of the CPB circuit are as follows. It is because
the circuit does not cause adverse reactions due to
contact with blood. It does not cause changes in blood
elements and thrombogenic phenomenon. It does not
cause hemolysis or complement system activation,
inflammatory response, direct or indirect toxicity,
and particle separation from the circuit surface. It is
chemically inert (15).

Phosphorylcholine, a biocompatible surface coating,
forms a layer between the blood and the surface. In
vitro and in vivo studies have shown that it reduces
the inflammatory response and microbial adhesion.
Thrombogenic, toxic and allergic reactions are minimal
and have no immunological and carcinogenic effects
(16,17).
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The aim of this study is to investigate the effects of
phosphorylcholine-coated oxygenator circuits on
morbidity and mortality by evaluating systemic
inflammation in congenital heart surgery operations
performed with CPB.

MATERIAL AND METHOD

This study was approved by Dr. Sami Ulus Child Health
and Diseases Training and Research Hospital Ethics
Committee (date: 10.01.2008, No: 2008/05). It was
performed on 30 patients who underwent congenital
open heart surgery between February 2008 and July
2008 in the cardiovascular surgery clinic. Informed
consent form was obtained from all patients and it was
made in accordance with the Helsinki Declaration of
1964 and subsequent amendments or comparable ethical
standards.

In the study, 30 congenital heart patients were divided
into two groups as 15-person control and 15-person
phosphorylcholine group. In the control group (Group
C, n=15), the standard CPB oxygenator circuit (Dideco
Mirandola, Italy) and in the phosphorylcholine group
(Group P, n=15) phosphorylcholine coated CPB circuit
(Dideco Phisio Mirandola, Italy) was used. Anesthesia
was induced with 15 mcg/kg fentanyl, 0.2-0.3 mg/kg
midazolam and 0.1 mg/kg vecuronium and connected
to the ventilator. For maintenance of anesthesia, 2 pcg/
kg fentanyl, 0.1 mg/kg midazolam (dormicum) and
0.05 mg/kg vecuronium chloride (norcuron) were
added. Sevoflurane (sevorane) at approximately 1
MAC (Minimum alveolar concentration) was added if
necessary. Operations were performed with a median
sternotomy. Arterial cannulation was performed from
the ascending aorta. Two stage venous cannulation was
applied and CPB was entered. It was cooled down to 28-
32°C according to cardiac pathologies. Cardiac arrest
was achieved with antegrade hypothermic crystalloid
cardioplegia. Crystalloid cardioplegia was administered
at 20-minute intervals. The amount to be administered
was calculated as 20 ml/kg for the first dose and 10 ml/kg
for maintenance doses. The prime solution was prepared
using isolyte with Hct 30% and 50 mg/kg cefazolin was
added. Age, gender, congenital heart diseases, total CPB
times, crosclamping times, extubation times, intensive
care and discharge times, 24-hour drainage follow-up,
inotropic drug use, blood and FFP transfusion were
recorded.

Blood samples were taken for aspartate aminotransferase
(AST), alanine aminotransferase (ALT), creatine
phosphokinase MB (CKMB isoenzyme level), urea,
blood urea nitrogen (BUN), creatinine, white cell count
(WBC), platelet (PLT), lactate dehydrogenase (LDH),
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albumin, total protein, C-reactive protein (CRP),
prothrombin time (PT), partial thromboplastin time
(aPTT), fibrinogen and D-dimer levels on preoperatively
(T1), postoperatively (T2) hour and postoperative 24t
hour (T3). Blood samples for C5a and elastase were taken
preoperatively (T1), before CBP (T2), before protamine
administration (T3), postoperatively (T4) and at the
postoperative 24 hour (T5).

Statistical package for the social sciences (SPSS) for
Windows 16.0 statistics package program was used to
evaluate the data. Measuring data were expressed as mean
and standard deviation. Fisher's exact test was used in
quantitative data, the Mann-Whitney U test was used to
compare the means of the two groups, and the Wilcoxon
test was used for repeated measurements within the
group. P<0.05 was considered statistically significant.

RESULTS

Thirty patients diagnosed with congenital heart disease
were divided into two equal groups; Group P and Group
C. The ages of the patients participating in the study are
between 1-12; mean age was calculated as 7.03+4.41 in
group P and 6.86+5.00 in group C. The demographic
data of the groups are shown in Table 1. There was no
statistically significant difference between the groups in
terms of demographic data (p>0.05).

Table 1. Demographic data

Group C Group P
Gender (F/M) 5/10 6/9
Age (year) 6.86+5.00 7.03+4.41
Height (cm) 115.27+33.37 111.93+26.87
Weight (kg) 27.92+24.33 23.44+17.36

Congenital heart disease diagnoses in Group C and P
are given in Table 2. All patients consist of non-cyanotic
congenital heart diseases.

Table 2. Patient diagnoses

Group C Group P
VSD 10 9
Secundum ASD 2 3
Primum ASD 1 2
Mitral insufficiency 1 1
Discret aortic membrane 1 -
VSD: Ventricular septal defect, ASD: Atrial septal defect,

Intraoperative and postoperative data of the groups
are given in Table 3. The discharge time in Group P
was determined to be shorter than in Group C. This is
statistically significant (p<0.05).

Table 3. Preoperative and postoperative data

Group C Group P
CPB (dk) 43.93+5.05 46.96+23.59
Cross clemp (min) 26.86+15.56 29.10+18.03
Extubation (h) 8.30+8.38 6.70+6.74
Intensive care (h) 37.00+14.19 29.93+8.72
Discharge (days) 9.86+5.05 7.13+2.82*
Inotrope (ug kg dk*) 3.33+4.49 6.00+4.70
Inotrope time (h) 8.80+11.53 13.06+11.48
Drainage amount (ml) 227.40£119.96  192.33+120.68
Given erythrocyte suspension  50.00+154.39 55.33+£95.90
Given TDP (ml) 207.66+£155.83  213.66+£168.44
CPB: Cardiopulmonary by-pass, * p<0.05

Fibrinogen and D-dimer values at the 24th hour increased
less in group P than in group C. This is statistically
significant (p<0.05).

There was no statistically significant difference between
the groups in all measurements of C5a and elastase
(p>0.05).

In the within-group evaluation, a significant difference
was found between postoperative and preoperative
values in both groups (p<0.05).

DISCUSSION

Cardiac surgery mortality is higher than other surgeons.
It is a surgery with high postoperative morbidity. Using
CPB during the operation increases the inflammatory
response. The main reason for this is the contact of blood
with foreign surfaces. Complications such as rhythm
disturbance, ventricular dysfunction requiring inotropic
support, infection, gastrointestinal dysfunction, acute
lung injury, and renal failure may develop. Increased
systemic inflammatory response to surgical trauma may
cause many postoperative complications (18).

In the pediatric age group, age-related differences in
inflammatory response with immature organ systems
may lead to increased damage due to CPB. In addition,
larger extracorporeal circulation volume compared to
body surface area in this patient group may result in
more complications related to CBP (19,20).

The most severe consequence of the inflammatory
response is multiple organ dysfunction and death. Mild
inflammatory responses do not cause severe organ
dysfunction requiring intensive care, but increase
hospital stay and cost. Systemic inflammatory response
is a multifactorial event and has secondary effects on
damaged and intact tissue. Proinflammatory mediators
can have beneficial effects on many organ systems as
well as harmful effects. Tissue damage, endotoxemia
and contact of blood with a foreign surface during CPB
are the main causes that lead to systemic inflammatory
response (21). For this reason, different surface coatings
are used to control and reduce the resulting SIRS.
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Zwaal at al. (22) showed that the outer surfaces of the
erythrocyte membranes are antithrombogenic and that
the phospholipids on the cell membrane are in asymmetric
distribution. Lipids containing phosphorylcholine
cell is found to be concentrated in a bilayer membrane
outer layer. Chapman et al. (23) succeeded in binding
methacrylolphosphorylcholine/lauryl-methacrylate
co-polymers to metal and synthetic surfaces and
the term "biomembrane mimicry" first appeared for
phosphorylcholine-coated surfaces. In vitro and animal
experiments have shown that phosphorylcholine
coated artificial polymers, which are one of the surface
coating technologies used to improve the hemo and
biocompatibility of artificial devices, have thrombogenic
resistance. These polymers exhibit minimal plasma
protein and platelet adhesion and are used in contact
lenses and CPB circuits (24-26).

In another experimental study conducted by De Somer
et al. (27) they stated that C5a levels slightly increased
in phosphorylcholine-coated circuits. In our study, an
increase was observed in the post-bypass period, and
results similar to preoperative values were obtained
in later values. In a study conducted by Draaisma et
al. (28) in 28 neonatal and infants, they compared
phosphorylcholine-coated circuits with circuits without
surface coating. When they evaluated the groups in
terms of complement factor C3b/c, elastase, CRP values,
duration of intensive care, ventilation duration, body
temperature and inotropic medication, they stated that
there was no difference between the groups. In our
study, there was no difference in C5a and elastase results
between groups (p>0.05). However, when the groups were
compared within themselves, we found that it was higher
in the postoperative period. This indicates that there is
inflammation during the surgery. However, we can say
that there is no difference between the groups in terms of
inflammatory severity, which is consistent with the study
of Draaisma et al. (28).

In their study on 39 high-risk patients, Pappalardo et
al. (29) stated that the platelet count, soluble CD40
ligand, fibrinogen, antithrombin, D-dimer, prothrombin
fragments and free hemoglobin values and postoperative
bleeding, the amount of blood administered and clinical
results were similar. Nevertheless, they stated that when
phosphorylcholine coated circuits are used together with
tracamide acid, intraoperative thrombin formation can
be improved and platelet, fibrinogen and antithrombin
consumption may be reduced. In our study, we found
that the increase in fibrinogen and D-dimer values
among the parameters. We used to evaluate the bio and
hemocompatibility of phosphorylcholine-coated circuits
increased significantly less in group P. This is important
for hemocompatibility, but there was no difference in
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the amount of drainage between the groups. There was
also no difference in the use of blood and FFP (p>0.05).
On the other hand, De Somer et al. (30) found no
difference in the formation of hemolysis and thrombin
formation between the phosphorylcholine coated
group and the non-surface coated group, however, they
stated that the amount of blood loss was 30% less in the
phosphorylcholine coated group. Again, they reported
that the most beneficial effect of phosphorylcholine-
coated circuits was on thrombocytes and therefore
reduced blood loss. Kirshbom et al. (31) showed that
phosphorylcholine and heparin coated circuits were
not different from circuits without surface coating in
terms of platelet count, beta-thromboglubulin values,
thromboelastographic measurements of platelet function,
and postoperative bleeding amounts. They stated that
clinical results did not change in pediatric cardiac surgery.
Thrombocytopenia is due to dilution, platelet adhesion
to lines, aggregation, activation and removal of damaged
platelets by the reticuloendothelial system. After CPB,
the platelet count is 30-50% below the preoperative level.
(32). In our study, significant decreases in platelet values
were observed, but no difference was found between the
groups. Again, in the comparisons between groups, there
was a significant prolongation in postoperative values
according to preoperative PT and aPTT values, but no
difference was found between groups.

Harig et al. (33) stated that phospholipid-coated CPB
circuits have beneficial effects on clinical parameters
such as ventilator and ICU stay in pediatric patients.
Nevertheless, they reported that it should be confirmed
by studies involving many patients. In our study, there
was no difference between the groups in terms of length
of stay in the intensive care unit.

Urea, BUN and creatinine parameters were measured to
evaluate renal functions. Serum creatinine and creatinine
clearance is the most commonly used and practical
method in clinical use (34). In our study, although the
postoperative creatinine value was significantly higher
than the preoperative value in the control group, it was
within normal limits. Acute or chronic renal failure was
not observed.

Liver enzymes may increase slightly in the postoperative
period, and mild icter may be observed in 10-20% of the
cases. In the majority of cases with icterus, the etiology is
hemolysis rather than liver (35). In the study, Although
there was no difference between the groups in terms of
AST, ALT, LDH, total protein, albtimin and CKMB values,
there was a significant difference in these parameters
compared to the preop values in the measurements
within the group. This is a result of the surgery and CBP's
inflammatory response in the liver.
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There was no statistically significant difference between
the groups in terms of X-clamp and CBP times. All of
the patients in the study consisted of isolated cogenital
heart disease. This resulted in short X-clamp and CBP
times. This caused a limitation of the study. Inclusion
of complex congenital heart patients in the study may
increase the mean CBP duration and inflammatory
response (36). We think that better data can be reached
to measure inflammation in terms of evaluating
biocompatibility.

Limitation of the Study

All patients in the study consisted of non-cyanotic
cogenital heart disease. This resulted in shorter cross-
clamp and CBP times. Including cyanotic groups in the
study and conducting more studies on more patients can
be more accurate in terms of inflammation.

CONCLUSION

Phosphorylcholine coated circuits do not significantly
reduce complement and neutrophil activation during
CPB. Because the artificial surface does not trigger
the inflammation that occurs after CPB. It depends on
many factors, as noted in other studies. We believe that
additional applications are required in order to control
inflammation in CPB. On the other hand, we think that
the lower fibrinogen values, which are the acute phase
reactants, and the limited rise in D-dimer values, the short
hospital discharge period, the shorter extubation and
intensive care stay, although not statistically significant,
may be important in terms of biocompatibility and
hemocompatibility.
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