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Depletion of activated 
neutrophils by a filter 
during cardiac valve 
surgery 

Purpose: To determine whether inclusion of a neutrophil-speciflc filter into the extracorporeal circuit during 
open heart valve surgery alters postoperative outcomes. 

Me thods :  Convenience sampling of 24 patients undergoing elective open heart valve surgery between July 1993 
and June 1994. Patients were randomized to a neutrophil-specific filter (n= I I) o r to  a standard blood filter (n= 13) 
during cardiopulmonary bypass. 

Results: Neutrophil-specific filter diminished (P <0,02) the expression of CD 18, a neutrophil surface adhesion 
molecule, at I (84,5 + 4.2 vs 94,8 _+ 3.8%), 4 (80.0 - 4.2 vs 95. I ___ 3.9%) and 24 hr (75.2 + 4.2 vs 98,2 _+ 
3.9%) post- operatively compared with standard filter. Total white blood cell count, neutrophil count, and pro- 
inflammatory cytokines (IL-6, IL-8) were similar between groups at all times. Measured outcomes including: F'aO 2, 
cardiac index, ejection fraction, haemodynamic variables, use of inotropes, spirometry (FEV~. FVC), and hospital- 
ization duration were similar between groups. 

Conclusions: Inclusion of the neutrophil filter during open heart valve surgery selectively depletes activated 
neutrophils. There were no other detectable differences between the two groups and the use of a neutrophil- 
specific filter in routine clinical practice for patients undergoing open heart valve surgery is not supported. 

Ob jec t i f  : D&erminer si I'ajout au circuit extracorporel d'un filtre sp&ifique aux neutrophiles pendant une 
chirurgie valvulaire modifiait les r&ultats de I'intervention 

M & h o d e s  : Un &hantillonnage de 24 patients subissant une intervention valvulaire ~ coeur ouvert entre juillet 
1993 et juin 1994. Les patients ont ~t~ r~partis al~atoirement ~ un circuit extracorporel incluant un filtre sp&i- 
fique aux neutrophites (n = I I) ou un filtre standard (n= 13). 

R & u l t a t s  : Le filtre sp&ifique aux neutrophiles a diminu~ I'expression de CDI 8, une mol&ule adh&ive de sur- 
face, une heure (84,5 + 4,2 vs 98,8 _ 3,8%), quatre heures (80 +- 4,2 vs 95,1 +_ 3,9%) et 24 heures 
(75,2 +_ 4,2 vs 98,2 -+ 3,9%) apr~s I'op&ation comparativement au flltre standard. Le d&ompte total des glob- 
ules blancs, des neutrophiles et des cytokines pro-inflammatoires (IL-6, IL8) &aient ~ tous les moments identiques 
entre les groupes. Les mesures de r&ultats incluant la PaO 2, I'index cardiaque, la fraction d'~jection, les donn~es 
h~modynamiques, I'utilisation d'inotropes, la spirom~trie (VEMS, CVF) et la dur~e du s~jour hospitalier ~taient 
identiques entre les groupes, 

Conc lus ion  : !Lajout d'un filtre sp&ifique aux neutrophiles pendant la chirurgie ~ coeur ouvert ~puise s~lec- 
tivement les neutrophiles activ~s. Aucune autre diff&ence n'est discernable entre les groupes, l'utilisation 
courante de filtres sp&ifiques aux neutrophiles en clinique chez des patients soumis ~ une chirurgie valvulaire 
coeur ouvert n'est pas justifi6e. 
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C ARDIOPULMONARY bypass (CPB) caus- 
es marked alterations in organ perfusion 
and metabolism. Ia The host of mediators 
released during CPB has been catalogued s 

and although the clinical importance of any one medi- 
ator remains uncertain, some of these may cause end 
organ dysfunction. Interleukin-6 (IL-6), a cytokine 
with recognized cardiodepressant activity 4 is released as 
is interleukin-8 (IL-8), a potent neutrophil chemoat- 
tractant, s Circulating mediators are not the only agents 
which may cause organ injury following CPB. 
Following CPB neutrophil sequestration within lung 
tissue has been documented 6 and this neutrophil infil- 
tration is associated with organ dysfunction. 7 Cardiac 
performance may also be adversely affected following 
perfusion with solutions containing activated neu- 
trophils, s,9 We have previously examined whether 
reducing circulating neutrophils by including a neu- 
trophil-specific filter in the extracorporeal perfusion cir- 
cuit could improve clinical outcomes following elective 
coronary artery bypass surgery. I~ We found that, in this 
low-risk group, inclusion of the neutrophil-specific filter 
was associated with a transient improvement in haemo- 
dynamic function but it did not alter any other mea- 
sured clinical outcome. We wondered if the filter and 
activated neutrophil depletion might be of more bene- 
fit in overall higher operative risk patients. II,I2 We 
therefore decided to study patients undergoing elective 
heart valve surgery since these individuals have longer 
extracorporeal perfusion times which may potentiate 
maximum leukocyte reperfusion injury. We prospective- 
ly examined clinical outcomes, levels of selected pro- 
inflammatory cytokines, and cardiac performance by 
echocardiography in these patients and followed them 
to the time of  discharge from hospital. 

Methods and Materials 
Patient Assessment and Measurements 
The study was approved by our university ethics com- 
mittee. All patients scheduled for elective open-heart 
valve surgery between July 1993 and June 1994 were 
eligible. Patients were excluded if we could not obtain 
informed consent, or if they were undergoing emer- 
gency surgery. Preoperative assessment included: a 
respiratory questionnaire to assess preoperative pul- 
monary symptoms, ~ a chest X-ray; bedside spirometry 
(Welch Allyn, Pneumocheck spirometry #61000, 
Skaneateles Falls, NY) to measure forced vital capacity 
(FVC) and forced expiratory volume in one second 
(FEVI). Angina severity was graded by a standard 
scale. Is Intraoperative data included: aortic cross- 
clamp time, total cardiopulmonary bypass time, and 

~Ferris BD. Am Rev Respir Dis 1978; 118(Suppl): 10-35. 
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fluid balance. Timing of haemodynamic measure- 
ments or sampling of arterial blood was obtained pre- 
operatively, after anaesthetic induction, time of  aortic 
x-clamp, one hour post-operatively, four hours post- 
operatively and at approximately 24 hr after surgery. 
All blood samples and measurements were obtained 
during mechanical ventilation with 100% oxygen. 
Haemodynamic measurements included: systemic 
arterial pressure (PsA), right atrial pressure (PRA), pul- 
monary artery pressure (PvA), pulmonary capillary 
wedge pressure (Pcwv), and cardiac index (CI). 
Arterial and mixed venous blood samples were direct- 
ly analyzed for blood gases (NOVA, Boston, MA) and 
oxyhaemoglobin saturation (CIBA Corning Model 
5000, Boston, MA). Blood samples were obtained for 
other measurements included: white blood cell count 
(WBC), neutrophil count, platelet count, interleukin 
6 (IL-6), interleukin 8 (IL-8), interleukin 6 soluble 
receptor (IL-6SR), and neutrophil expression of  the 
cell surface adhesion molecules CD11b and CD18. 
Weight, chest X-ray, fluid balance, FEV 1 and FVC 
were measured on the second day post-operatively, 
fifth day post-operatively and at the time of  discharge. 

Echocardiography was obtained before surgery and 
then repeated before discharge. Fractional shortening 
(FAS) of the left ventricle was calculated as: 

FAS = LV diastole dimension - LV systole dimension. 

LV diastole dimension 

Values for volume were then derived from the 
Teichholz formula 14 and ejection fraction (EF) calcu- 
lated substituting the calculated volumes for dimen- 
sion measurement. Wall motion abnormalities were 
described as being present (+) or absent (-) by a sin- 
gle investigator (BC), blinded to treatment. 

Experimental Protocol 
We enrolled 24 patients and followed them to the time 
of hospital discharge. Intraoperatively, surgery and 
anaesthesia were based upon the practices of  the two 
referral surgeons and attending anaesthetists. 
Cardioplegia solutions have been standardized and thus 
did not differ between patients. Anaesthesia consisted 
of opioid (sufentanil 3-5 pg.kg-1), sedative (propofol 
1-2 mg.kg -1, midazolam 0.01-0.13 mg.kg-l), muscle 
relaxant (pancuronium 0.15-0.3 mg-kg -x, vecuronium 
0.1-0.3 mg.kg -I) and an inhalational agent (isoflurane). 
Blood cardioplegia (antegrade) was administered every 
15 min with systemic cooling to 24-28~ Patients 
were randomized at the time of surgery to receive a 
standard blood filter (Pall v" Autovent SP, MacLean 
Medical, Toronto, Canada) or a neutrophil-specific fil- 
ter (Pall v" LG-6, MacLean Medical, Toronto, Canada). 
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The filters were not distinguishable without close visu- 
al inspection. All investigators were blinded throughout 
the study to type of  filter each subject received. 

A single radiologist blinded to treatment scored all 
chest X-rays using a standard grading systemlS: 0 - no 
atelectasis, 1 - plate atelectasis, 2 - subsegmental atelec- 
tasis, 3 - segmental atelectasis, 4 - lobar atelectasis. IL-6, 
IL-6SK and IL-8 were measttred by radioimmunoassay 
(ELISA Medgenics Diagnostics, Brussels, Belgium). 
Assessment of  the neutrophil cell surface adhesion com- 
plexes CD11b and CD18 were obtained by flow cytom- 
etry (Facscan Flow Cytometer (Becton Dickenson, San 
Jose, CA) using specific anti-CD18 and an t i -Cd l lb  
murine antibodies. The neutrophils were stained with a 
control antibody to set a threshold o f  fluorescence, such 
that less than 2% of  the cells exceeded the threshold. 
The percentages of  neutrophils with specific anti- 
CD11b or anti-CD18 antibodies cwhich exceeded this 
threshold were recorded as the percentage positive. 

Statistics 

Variables were compared over time and between groups 
by two-way repeated measures analysis o f  variance 
(ANOVA). When the F statistics showed a significant 
difference, t-tests were used to determine which groups 
were different. Sidak's multiplicadve inequality was used 
to correct the number of  comparisons made between 
groups. The assumptions that the residuals were nor- 
mally distributed and equality of  residual variances were 
tested using the Shapiro Wilks Test and the Schweiders 
Test, respectively. Dichotomous data was compared by 
Chi square and when any cell count was less than 5, a 
Fisher Exact Test was used. A P value less than 0.05 was 
considered to show a significant difference. All data are 
reported as mean + standard deviation. 

Our  study sample size selection was based upon 
published data 16 demonstrating differences in out- 
comes in patients using the leukocyte filter and upon 
our previous study) ~ In order to achieve a power of  
0.8, setting a at 0.05, a sample size o f  10 patients per 
group would be required to distinguish a 10 m m H g  
difference in mean arterial pressure or difference of  50 
m m H g  in A-aO 2 gradient between the neutrophil- 
filter treated group and the control group. We did not  
use expression of  interleukins as a surrogate outcome 
in estimating sample size as an effect o f  filter after 
extracorporeal oxygenation has been demonstrated 
despite similar concentrations of  interleukins) 7 

R e s u l t s  

Demographic data  and  Cl inical  Course 

The two groups were similar in baseline characteristics 
(Table I). Preoperative medication usage, respiratory 
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TABLE I Demographic data 

Standard Filter Leukocyte Filter 

n = 13 n = 11 

Age (yr) 61 • 15 63 • 14 
Sex - Male 7 4 

- Female 6 7 

Body Mass Index (Kg.m -2) 25 • 6.8 27.7 • 3.5 

Left Ventricular Ejection 
Fraction 

> 50% 8 7 
< 50% 5 4 

Saphenous Vein Grafts 1 (0-3) 1 (0-3) 
(median, range) 

Dyspnea Grade 0 2 0 
1 2 2 
2 6 2 
3 0 3 
4 3 4 

Extra<orporeal Oxygenation 
(rain) 143 • 24 178 • 83 

X-Clamp Time (min) 104 + 22 123 • 56 

Mitral Vah,e Surgery 4 2 

Aortic Valve Surgery 6 6 

Aortic/Mitral Valve Surgery 3 3 

Cough 10" 3 

Past Smoker 6 5 

*significant difference (P <0.05) between groups. Left ventricular 
ejection fraction assessed by ventriculogram and dyspnea grade by 
ACC-AHA Task Force Report 26 

symptoms and cardiac symptoms were also similar 
between groups. Intraoperatively, extracorporeal oxy- 
genation time, cross-clamp time, number  of  saphe- 
nous grafts, and specific type o f  valvular surgery were 
similar between groups (Table I). 

There were no differences between standard and 
leukocyte groups in our measured clinical outcomes. 
Total length of  hospitalization (8.3 • 2.3 vs 8.5 • 2.6 
days) and I C U  stay (1.7 • .5 vs 2.5 • 1.7 days) were 
similar. Haemoglob in  concentrations and platelet 
counts were decreased (P  <0.05) at one-hour and 
remained decreased throughout the intensive care unit 
stay in both groups (Table II). White blood count and 
neutrophil counts were similarly decreased during extra- 
corporeal oxygenation. By one hour after CPB and con- 
tinuing up to two days postoperatively both neutrophil 
counts and white blood cell counts were elevated com- 
pared to admission. These values returned to admission 
values by the time of  hospital discharge (Figure 1). 

The number  of  patients receiving inotropes was 
similar (P=.877) comparing the standard filter group 
( n = l l )  and the neutrophil-specif ic filter g roup  
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TABLE II Biochemical physiology outcomes 
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Induction 1 -hour 4-hour 24-hour 
S L S L S L S L 

Haemoglobin  110 • 17 106 • 21 78* • 14 74* • 17 97 • 15 96 • 15 96 • 13 
(mg.kg -l) 

Platelets 189 • 60 174 • 61 104" • 30 96* • 27 129 • 39 112 • 36 126 • 34 
(109.L -l) 

CPK 4 2 •  5 3 •  2 8 6 •  103 4 2 7 •  4 0 5 •  6 9 5 •  4 8 9 •  
(~tol.L -~) 
CPK 0 0 41" • 15 56* • 12 39* • 15 64* • 51 27 • 18 
([uol.L-') 
IL-6 SR 32.5 • 2.8 30.6 • 3.8 23.2* • 1.7 23.1" • 2.5 27.1 • 1.6 27.5 • 1.9 32.1 • 3.2 
( rag. raN) 

9 8 •  l l  

115 • 41 

900 • 700 

47 • 41 

29.5 • 2.8 

*P <0.05 compared with induction and 21 hr periods ~vithin each group. S refers to standard filter and L refers to leukocyte filter. 
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FIGURE 1 Total leukocyte and neutrophil comets (cell count x 109 
cells.1 -l) in the stmldard filter and neutrophil filter groups over 
course o f  experiments. The box plot illustrates 25th, 50th, and 75th 
percentiles and the whiskers denote the standard deviation. + denotes 
P<0.05  in comparison xvith aU other periods and # denotes P<0.05 
in comparison with preoperative period. No  differences between 
standard and leukocyte filter groups were noted. 

(n=10). None o f  the patients had CPK-MB fraction 
greater than 10% of  total CPK (Table II). IM CPK- 
MB was increased at one and four hours post-opera- 
tively compared with induction but  was similar 

between groups. No patient had ECG evidence of  a 
new Q wave myocardial infarction. Pulmonary func- 
tion as measured by spirometry (FVC, FEV1) and 
atelectasis scores on CXR were also similar between 
groups (Table IV). 

Cytokines and Neutrophil Adhesion Molecules 
In both groups, IL-6 and IL-8 concentrations progres- 
sively increased up to four hours post-ICU admission 
and at 24 hr had still not returned to baseline values 
(Figure 2). IL-6SR (Table II) decreased when extracor- 
poreal perfusion was initiated and then remained con- 
stant up to 24 hr post-operatively. Values of  IL-6 and 
IL-8 were similar between the neutrophil-specific and 
standard filter groups (Figure 2). Expression of  CD- 
11b was similar between both groups at all measure- 
ment times (Figure 3). Expression o fCD-18  neutrophil 
was reduced at 1, 4 and 24 hr after surgery in the neu- 
trophil-specific filter group compared to the standard 
filter group (Figure 3). As well, a t-test of  percent 
change between baseline and 24 hr postoperatively 
demonstrated (P<0.017) differences in CD18 expres- 
sion in the standard (14.0 + 22.5%) and leukocyte filter 
(-2.8 • 6.5%) respectively. 

Haemodynamic data and Gas Exchange 
Mean arterial pressure was decreased at induction 
compared with 24 hr (P<0.05) in all patients, but was 
not different between groups. Cardiac index, systemic 
vascular resistance, pulmonary vascular resistance, 
mean pulmonary artery pressure pulmonary artery 
occlusion pressure, and central venous pressure were 
similar between groups at all times (Table III). 
Echocardiographic assessments were similar between 
groups when described either descriptively (presence 
of  absence of  new wall motion abnormalities) or by 
measurement of  FAS and EF. 
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T A B L E  III  Haemodynamic  and blood gas physiological outcomes 
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Induction 1 -hour 4-hour 24-hour 
S L S L S L S L 

Ps^ 73* • 10 75"•  78 • 11 81 • 9 
( m m H g )  

Pv^ 24 • 6 26 • 9 22 • 6 27 • 8 
( m m H g )  

Pcwv 16 • 5 18 • 7 13 • 4 17 • 6 
( m m H g )  

P ~  1 0 •  1 1 •  9 •  1 2 •  
( m m H g )  

CI 2.1 • 1.0 2.0 • 1.0 2.4 • 1.3 2.1 • 1.1 
(L.min -~ ) 

SVR 1303 • 386 1606 • 737 1403 • 610 1472 • 367 
(dynes.sec -~.cm -s) 

PVK 159 • 106 191 • 132 183 • 134 138 • 102 
(dynes.sec-Lcm -s) 

A-aOz gradient 210" • 128 210" • 129 295 • 130 262 • 127 
( m m H g )  
Q s / Q t  18 • 7 18 • 7 26* • 10 25* • 8 

83 + 13 79 • 12 89 • 15 80 • 12 

25 • 7 28 • 10 25 • 7 28 • 10 

1 5 = 6  1 9 •  1 5 •  1 9 •  

1 1 •  1 3 •  1 3 •  1 2 •  

2.3 • 1.1 2.0 • 1.1 2.4 • 0.9 2.4 • 1.2 

1611 • 892 1577 • 386 1403 • 392 1297 • 289 

208 • 137 231 • 124 201 • 148 243 • 133 

308 • 104 283 • 128 299 • 148 326 • 135 

1 5 •  1 5 •  1 6 •  1 6 •  

*P  <0.05 compared with 24-hr period within each group. S refers to standard filter and L refers to leukocyte filter. 
Mean arterial(P ), puilmonary artery ( P ) ,  wedge (Pcwe), right atrial (PP.A) pressures; caridac index (CI), systemic (SVR) and pulmonary SA , P A  

(PVR) vascular resistances and shunt  (Qs/Qt)  
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F I G U R E  2 IL-6 and IL-8 concentrations during extracorporeal 
oxygenation mad 1, 4, and 24 hr in ICU. Where # denotes P <0.05 
comparing standard filter with leukocyte filter. The box plot illustrates 
25th, 50th, mad 75th percentiles and the whiskers denote the standard 
deviation. + denotes P <0.05 in comparison with the initial period. 
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TABLE IV Pulmonary function test and echocardiogram 
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Preoperative Discharge 
S L S L 

FEV l (L) 2.1 + 0.8 1.6 • 0.5 1,0" • 0.4 0.7* • 0.5 

FVC (L) 2,8 • 0.9 2.3 • 0.5 1.4" • 0.6 1.0" • 0.6 

Wall Motion 4 4 6 6 
Abnormality (Patients) 

Fractional Shortening 0.30 • 0.12 0.35 • 0.18 0..25* • 0.11 0.32* • 0.13 
(%) 
Ejection Fraction 0.46 • 0.1 0.45 • 0.19 0.45* • 0.18 0.42* • 0.13 
(%) 

Atelectasis Score 0.15 • 0.31 0.18 • 0.34 3.0* • 1.1 3.1" • 1.4 

S refers to standard filter and L refers to leukocyte filter, * P <0.05 compared with preoperative values within each group. 
Atelectasis score is defined within text. 

Intrapulmonary shunt (Qs/Qt)  was increased at 
four hours compared with baseline values but was sim- 
ilar between both groups. The alveolar to arterial dif- 
ference for oxygen (A-aDO2) was decreased at 
induction compared with all other periods postopera- 
tively (Table IV). One patient in each group received 
antiarrhythmic drugs (/'=0.54). Total mediastinal 
blood loss was similar in the two groups (663 • 353 vs 
505 • 262 ml; P=0.57). 

Discussion 

Neutrophil-Specific Filters 
Extracorporeal oxygenation may cause neutrophil acti- 
vation by generation of complement s which may then 
activate neutrophils and platelet activations, is Once 
activated, neutrophils can cause injury via free radical 
production, induction of elastase or production of 
vasoactive mediators (e.g., eicosanoids, cytokines)) 9~~ 
Depletion of  activated neutrophils during extracorpore- 
al bypass has been attempted using neutrophil filters 17al 
as well as by plasmapheresis. 22 Use of neutrophil-specif- 
ic filters has been associated with improved oxygena- 
tion, 23 improved haemodynamics, reduction in 
myocardial stunning 24 and decreased free radical pro- 
duction. 21 We have previously shown, in a canine model 
of CPB, that using a neutrophil-specific filter could 
reduce the numbers of circulating activated neutrophils, 
as assessed by chemiluminescence, when compared with 
a standard blood filter. 16 As well, in a previous study of 
humans undergoing CABG surgery, we noted transient 
improvements in intrapulmonary shunt and mean 
blood pressure in patients treated with a neutrophil ill- 
ter compared with a standard blood filter respectively, x~ 
Although we concluded that in low-risk, elective CABG 
surgery patients the neutrophil-specific filter offered no 
long-lasting clinical benefit, we speculated that in higher- 
risk patients the filters might be beneficial. We have, 
therefore, evaluated the clinical effects of a neutrophil- 

specific filter in patients undergoing heart valve surgery 
in whom CPB times would be longer and the extent of 
neutrophil activation could be expected to be greater 
than in CABG patients. We found that the valve surgery 
patients required an average of over 50 nfin more extra- 
corporeal oxygenation time and 30 min more cross- 
clamp time than did our patients in the previous study 
having CABG alone. We found that inclusion of the 
neutrophil filter did not reduce the total number of cir- 
culating neutrophils when compared with the standard 
non-specific blood filter. Following cardiopulmonary 
bypass all patients showed large but similar increases in 
circulating neutrophils. This differed from our previous 
study where the circulating neutrophil count was 
reduced in the group treated with the neutrophil filter. 
We believe that the ability of  the filter to remove neu- 
trophils may have been exceeded by the long extracor- 
poreal circulation time which the valve surgery patients 
required. 

Neutrophil Adhesion 
The adherence of neutrophils to endothelial surfaces 
requires the fimctioning of  two classes of cell surface 
receptors, the selectins, associated with neutrophil 
roiling on endothelial surfaces, and the integrins, asso- 
ciated with firm adherence to endothelial surfaces3 s 
The integrins are composed of  three heterodimeric 
glycoproteins: CD11a/CD18,  CD11b/CD1.8, and 
CD11c/CD18.  26 The role of these adhesion mole- 
cules has been studied in a variety of  injuries including 
haemorrhagic shock 27 and ARDS. 28 The roles of  neu- 
trophil adhesion molecules during CPB has become 
increasingly clear in the last few years. In animal mod- 
els, CPB induced lung injury is associated with 
increased CD18 expression 29 and, conversely, cardiac 
performance can be improved by preventing increased 
surface expression of CD18. s~ We therefore measured 
expression of CD18 and CD 11 on neutrophil cell sur- 
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faces. The expression of  neutrophil receptors is the 
direct evidence for their activation. Other indirect evi- 
dence includes bactericidal or phagocytic activity and 
generation of  superoxide or elastase. We measured the 
production of  cytokines as the indirect measurement 
of  leukocyte activation. We found that both receptor 
expressions as well as cytokine production were 
increased after cardiopulmonary bypass as previously 
demonstrated by others, a,s,21,23,24 

Even though the total number of  neutrophils was 
similar between our two groups, we found decreased 
neutrophil CD18 expression in the group treated with 
the neutrophil-specific filter. This suggests that the fil- 
ter had selectively removed those cells with the greater 
surface expression of  CD18. This is similar to our pre- 
vious finding in canine CPB in which we assessed neu- 
trophil activation by chemiluminescence and found 
that the overall numbers of  activated neutrophils was 
reduced by the filters, is These filters do not remove 
neutrophils by virtue of  a specific ligand-receptor 
interaction and, therefore, we do not hypothesize that 
the filters are truly selective for neutrophils with 
increased CD18 expression. Instead, we believe that 
the increased CD18 expression is a marker o f  
increased neutrophil activation. In turn, activated neu- 
trophils have been shown to be less deformable than 
quiescent cells al and this is the likely mechanism by 
which the filters could more selectively remove cells 
with increased CD18 expression. We wondered if the 
decreases in numbers of  activated neutrophils alone 
would be sufficient to result in clinical differences 
between the two groups. The following outcomes 
were assessed; 

Clinical and Biochemical Outcomes 
We specifically evaluated circulating concentrations of  
IL-6 and IL-8 since they have been reported to 
increase following CABG surgery and they can influ- 
ence two of  our major outcome measurements, car- 
diac function (IL-64) and neutrophil recruitment 
(IL-8S). To ensure that our measurement of  IL-6 was 
not masked by production of  binding proteins we also 
measured IL-6SR. 32 We found that concentrations of  
IL-6 and IL-8 were elevated after surgery but the con- 
centrations were similar in the two groups. Therefore, 
differences in these pro-inflammatory cytokines could 
not account for any of  our results. 

We did not find any differences in our clinical end- 
points between the two groups up to the time of  dis- 
charge. Our sample size was chosen to be able to find 
clinically important changes in mean arterial pressure or 
gas exchange but we did not find any haemodynamic 
differences between the two groups. This is different 

from our previous study l~ in patients undergoing coro- 
nary artery bypass (n=32) where we found improve- 
ments in haemodynamic variables and gas exchange 
early following admission to ICU. The decline in spiro- 
metric values was similar between groups as was the 
extent of  lung atelectasis. Gas exchange, assessed by 
intrapulmonary shunt and A - a nO 2 ,  was also similar 
between groups. Reversible cardiac dysfunction has 
been previously found using echocardiography in 
patients undergoing CABG surgery, s4 We wondered if 
this defect might be associated with activation of  neu- 
trophils and if it might be ameliorated by a neutrophil 
filter. Therefore, in this current study we also examined 
cardiac performance non-invasively by echocardiogra- 
play. Although we found a transient deterioration in 
FAS and EF, these deficits were similar between groups. 
Our study does not exclude that this defect in cardiac 
performance is neutrophil related but it does demon- 
strate that this neutrophil-specific filter will not amelio- 
rate it. None of  the patients developed cfinical evidence 
of  pneumonia based upon previously described crite- 
ria. as Finally, the durations of  total hospital stay and 
Intensive Care Unit stay were similar in both groups. 

Leukocyte depletion using plasmapheresis has been 
previously shown to improve postoperative oxygenation 
in patients undergoing cardiopulmonary bypass. 22 
Although animal studies have demonstrated prolonged 
cardiorespiratory advantages, human studies have only 
demonstrated transient advantages of  leukocyte ill- 
ters. 10'17 The absence of  even transient improvement in 
the leukocyte filter group, as noted in our previous 
study, 14 may be reflective of  a saturation of  the filter 
with increased extracorporeal circulation time in this 
group of  valve open heart surgery. 

Limitations 
We did not control for individual practice variation 
between our two surgeons or anaesthetists. We have 
previously noted the absence of  effect of  surgeon in 
coronary artery bypass patients with or without ill- 
ter. 1~ Anaesthetic agents have not been shown to 
effect outcomes ss in patients undergoing coronary 
artery bypass surgery, however, we can not preclude 
that a combination of  filter/anaesthetic technique had 
some effect that neither in isolation exerted. We feel 
this possibility is less likely. 

Summary 
We have demonstrated that a neutrophil filter attached 
to the extracorporeal oxygenator decreases the extent of  
CD18 expression on circulating neutrophils likely by 
selectively removing activated cells. This decrease in acti- 
vated circulating neutrophils was not associated with any 
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demonstrable clinical improvement. Unlike a previous 
study showing moderate early haemodynamic improve- 
ment in patients undergoing CABG surgery, this current 
study in higher-risk patients did not find haemodynam- 
ic improvement or other evidence of  clinical efficacy. 
The difference between the two studies may merely 
reflect the longer extracorporeal perfusion time required 
by the patients in this current study. It is possible that 
more effective filters removing a greater total number of  
neutrophils might be of  clinical benefit but until they are 
available we conclude that this current neutrophil filter 
is of  no benefit in elective valvular surgery. 
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Abbrevia t ions :  
CABG = coronary artery bypass graft 
CPB= cardiopulmonary bypass 
IL-6 = interleukin 6 
IL-8 = interleukin 8 
Ps^ = systemic arterial pressure 
P ~  = right atrial pressure 
Pva = pulmonary artery pressure 
Pcwv = pulmonary capillary wedge pressure 
CI  = cardiac index 
WBC = white blood cell count 
IL-6SR = interleukin 6 soluble receptor 
FAS = fractional shortening 
EF = ejection fraction 
A-aDO.  = aveolar to arterial difference for oxygen 
Qs /Qt~= intrapulmonary shunt 


