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Efficacy of closed-circuit cardiopulmonary bypass system assessed by gene
expression profiling

Yamaguchi, Atsushi
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Cardiopulmonary bypass (CPB) is known to cause systemic inflammatory reaction
following cardiac surgery that can be associated with organ failure. In a standard “ open” circuit
system, blood makes contact to the air in the reservoir, which can trigger inflammatory response induced
by oxidant stress. In the first series, we performed a randomized controlled study to compare the
outcomes of heart valve surgery between open and closed circuit system (open circuit group, n=11, closed
circuit group, n=10). There were no differences in the primary endpoints (open vs. closed, length of
mechanical ventilation; 9.4 hours vs. 14.0 hours, P=0.21, length of ICU stay; 2.3 days vs. 2.4 days,
P=0.87). In the second series, we conducted gene expression profiling of monocytes purified from post-CPB
blood using DNA-microarray. Of note, multi-inflammatory mediators, including cytokins and chemokines
related to neutrophil recruitment, were down-expressed in the closed circuit monocytes.
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1 T Secondary endpoints |
. Amount of intra-operative bleeding
. Max WBC count within 48h of surgery

Primary endpoints
1. Length of mechanical ventilation (hours)
2. Length of ICU stay (days)
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Background (1)
[ | acn=w0 | ogn=u1 | P |

Age (years), mean =% SD 643 £ 7.6 68.8 £ 5.0 0.20
Male Gender 6 (60%) 8 (73%) 0.87
HTN 8 (80%) 7 (63%) 0.73
Diabetes 1(10%) 3 (27%) 0.65
Dislipidemia 4 (40%) 3 (30%) 0.36
Atrial fibrillation 4 (40%) 3 (27%) 0.53
Primary diagnosis
Aortic stenosis 3 (30%) 3 (27%) 1.0
Aortic regurgitation 1(10%) 4 (36%) 0.36
Mitral stenosis 1(10%) 1(9%) 1.0
Mitral regurgitation 5 (50%) 3 (27%) 0.53

Background (2)
[ dacN-10 [OGN=11 [ P |

NHYA class 2.1£03 20+04 1.0
Preoperative labo data
WBC counts (x102/mm?3), mean = SD  65.3 +21.4 585 =+ 14.3 0.39
Hemoglobin (g/dl), mean = SD 134+ 09 140 £ 14 0.24
Hematocrit (%), mean £ SD 40.1 =+ 2.4 42.0 £ 4.4 0.24
Platelet count (x10%/pl), mean = SD 18.7 = 5.6 19.8 £ 5.6 0.64
Creatinine (mg/dl), mean = SD 0.85+0.13 0.78 =£0.22 0.41
Echocardiography data
LVDD (mm), mean # SD 56.7 = 11.2 S7:35E818 0.88
LVDS (mm), mean % SD 36:58=10°h 373 %65 0.83
LVEF (%), mean = SD 6535010 63.0 £ 9.0 0.58
NYHA
Surger
AVR 4(40%) 7 (64%) 0.52
MVP + TAP 4(40%) 3(27%) 0.87
MVR + TAP 2 (20%) 1(9%) 0.93
Concomitant MAZE 3 (30%) 3(27%) 1.0
Operation time (min), mean *+ SD 271 + 89 280 =+ 45 0.75
CPB time (min), mean = SD 1249 + 348 137.6 =374 043
Ao clamp time (min), mean = SD 103.2 = 29.7 113.8 +£31.0 043
Bottom temperature (°C), mean = SD 31.0 £ 0.6 302+13 0.08
Balance (ml), mean = SD 2212 + 804 2735 +£769 0.15
2 primary
secondary endpoints
24 CLC
;37.740.3 , OLC  ;37.840.2  (P=0.67)
24 CLC ;399+132ml,
OLC ;338+173ml (P=0.38) 1
2 3
CLC;163+33 x107/mm’,
2 3
OLC ; 141£22 x107/mm"” (P=0.09)
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Primary endpoint

Length of mechanical ventilation 140+94 9442 0.21

(hours), mean == SD

Length of ICU stay (days), mean = SD 24+09 23+05 0.87
Secondary endpoint

Operative bleeding (ml), mean == SD 434 + 255 317 + 226 0.28
*WBC counts (x102/mm?3), mean =% SD 157 = 36 1351125 0.13
*Hemoglobin (g/dl), mean £ SD 100+13 10.0+1.2 0.97

30I61ER3 TG F2 0N/ 0.58
0.84 £0.20 0.79+0.33 0.68
83 £33 120 =158  0.47
2L E56) 45 + 67 0.28

*Hematocrit (%), mean = SD
*Creatinine (mg/dl), mean = SD
*AST (1U/1), mean £ SD

*ALT (1U/1), mean = SD
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2015 Cupertino, CA gene ontology
OLC leukocyte
A migration/leukocyte/chemotaxis/coagulation/
. response to bacterium gene
= ontology term CLC
2 .
Z &
3 .
GO term Gcn;e?:::it;cnrs n p-value
carbohydrate binding 10 0.0001
CD45+, CD15+ MHC protein complex 6 0.0005
. antigen processing and presentation 16 0.0005
B Pre-sorting Post-sorting organelle subcompartment 5 0.0014
- (PBMC) cellular response to vascular endothelial
e S s g ) 3 0.0028
= p | growth factor stimulus
B & regulation of extent of cell growth 3 0.0031
ol = & cortical actin cytoskeleton 5 0.004
8 regulation of axonogenesis 6 0.0043
- kinase inhibitor activity 5 0.0055
” drug metabolic process 2 0.0056
Fsc i GO term Gen;er;::il;enrs in p-value
" response to bacterium 40 5.5E-18
5 " = leukocyte migration 21 SE-10
g : ! % regulation of cell activation 28 1.2E-09
© p defense response to bacterium 17 9.4E-09
coagulation 33 0.00000001
oxygen transport 5 0.000000028
fat cell differentiation 10 0.000000037
CD45+ CD14+ response to steroid hormone stimulus 26 0.000000041
' response to mechanical stimulus 17 0.000000044
MACS sorti ng sysem A leukocyte chemotaxis 12 0.000000051
B CLC
top 10 gene ontology term
TLR1 CXCL1 CCRL2 CCL8
PTX3 CCL7 CXCR2 ILL8RAP
IL10 IL1B F3 CXCL2
TNFSF4 CCL2 CD40LG CCR7
SELP ORM2 MMP25 MMP25
TNFRSF1A THBS1 IL27 CXCL2
CLC OLC TPST1 CCR1 CXcL1 ALOXSAP
TNFAIP6 CXCL3 IRAK2 HIF1A
100 ORM1 TRIL VNN1 PROK2
BMP6 ADORA2A IRGM KL
RNA CLC CCRL2  CXCRL  FPR2 L6
3 145+21 cLc
OLC 4 136+48
P 0.77 DNA
SERPINB2 SLC7A10 CD40LG P2RY1
ITGB3 PPBP GP1BB EHD1
CLC > OLC 2 Fold change + Clustering =y SLC7AS SELP RHOB HBG1
FrcLe: Holc L m I BRPF3 TREM1 TREM1 IL6
e i ITGA2B HBB PDESA TBXA2R
HBD ITGA6 TREML1 THBD
PF4 CLU GP9 THBS1
F5 ALB RHOB ADORA2A
F3 GP1BB GP6 KIF2C
ITGAG6
CLC
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