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Effect of Humidified High Flow CO2 Gas Insufflation
on the Coronary Endothelium

Jae-Sung Choi, M.D.*, Jun-Sung Kim, M.D.*, Ki-Bong Kim, M.D.*, Jeong-Waok Seo, M.D.*

Background: High-flow gas insufflation to get a bloodless field during off-pump coronary artery bypass may have
adverse effects on the coronary endothelium. This study was designed (1) to elucidate the effect of carbon dioxide
gas insufflations on the coronary endothelium at different flow rates and (2) to assess the protective effect of hu-
midification against the coronary endothelial damage. Material and Method: In nine pigs, the left anterior descend-
ing coronary artery (LAD) was exposed after a median sternotomy. The LAD was divided into 4 segments and a
coronary artetiotomy was made in each LAD segment in the beating heart. The far distal arteriotomy was exposed
to room air for 10 minutes and was harvested as a control. Non-humidified carbon dioxide gas at a continuous
flow rate of 5 Limin (Group 1), humidified carbon dioxide gas at a continuous flow rate of 5 L/min (Group Il), and
humidified carbon dioxide gas at a continuous flow rate of 10 Limin {Group lil) were insufflated for 10 minutes on
each coronary arteriotomy site, respectively. After harvesting the coronary segments, hematoxylin-eosin staining, elas-
tic fiber staining, and immunostaining with a CD34 monoclonal antibody were performed to evaluate the depth of
endothelial damage and to count the residual endothelial cells. Result: In all three groups (Group |, I, and lIf), in-
ternal elastic laminae were preserved, however, the endothelial layers were significantly damaged by carbon dioxide
gas insufflation. The mean percentages of remaining endothelial cells were 20.9+16.7%, 39.3+19.6%, and 6.8+
5.3%, in groups I, Il, and lll, respectively. The percentages of remaining cells were significantly higher in group Hi
than in groups | and lil (p=0.008). The percentages of remaining cells were significantly higher in group | than in
group M (p=0.008). Conclusions: The harmful effect of carbon dioxide gas insufflation on the coronary endothelium
was dependent on the flow rate. The addition of humidification did not protect the coronary endothelium from denu-
dation injury caused by high flow carbon dioxide gas insufflations.

(Korean J Thorac Cardiovasc Surg 2004;37:131-138)
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Table 1. Counted numbers of whole endothelial cells of each segments of left anterior descending coronary artery

Counted No. of endothelial cells

Control pigs

Far distal seg Distal seg Middle seg Proximal seg
1 115 160 170 204
2 145 150 168 198
3 145 155 195 275
4 77 89 %4 120
Mean+ SD 121+32 139433 157144 199+63
Ratio 1 115 1.30 1.64
Seg=Segment of left anterior descending coronary artery.
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Table 2. Percentages of residual endothelial cells of each group

Counted No. of cells

Counted No. of residual cells/Estimated No. of total cells (ERC (%))

Control seg Group 1 Group 11 Group III
1 104 75/120 (62.7) 86/135 (63.6) 18/171 (10.6)
2 125 35/144 (24.3) 118/163 (72.6) 11/205 (5.4)
3 171 40/197 (20.3) 105/222 (47.2) 51/280 (18.2)
4 111 14/128 (11.0) 66/144 (45.7) 16/182 (8.8)
5 98 15/113 (13.3) 42/127 (33.0) 12/161 (7.5)
6 88 8/101 (7.9) 34/114 (29.7) 7/144 (4.9)
7 108 14/124 (11.3) 28/140 (19.9) 4/177 (2.3)
8 116 31/133 (23.2) 41/151 (27.2) 5/190 (2.6)
9 110 18/126 (14.2) 21/143 (14.7) 2/180 (1.1)
Mean£SD of
ERC (%) 209+16.7 39.3+19.6 6.8+53

Seg=Segment of left anterior descending coronary artery; ERC=Estimated percentage of residual endothelial cells, Estimated No. of total
cells in each group=K X (counted No. of cells in control seg.); K=1.15 in group I, 1.30 in group II, 1.64 in group III
p=0.008, groups I vs II; p=0.008, groups I vs III; p=0.008, groups 1 vs IIL
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Fig. 1. Photomicrographs with elastic fiber (A, B, C) and immunohistochemical staining (D){ < 200). (A) Group | (distal LAD segment,
non-humidified gas, 5 L/min). (B) Group Il (middle segment, humidified gas, 5 L/imin). (C) Group I} (proximal segment, humidified gas,
10 L/min). (D) Control LAD segment stained with CD34 monoclonal antibody. A, B, and C show intact internal elastic laminae. D
shows intact linear endothelial lining. Higher power magnification demonstrates the continuous endothelial cell layer (x400).
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Fig. 2. Transmission electron micrograph shows partial detach-
ment of endothelium without nucleolysis and exposure of base-
ment membrane (arrows) under the mechanical stress of gas insuf-
flation (< 5000) (E=Endothelial cell; IEL=Internal elastic lamina).
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Fig. 3. Photomicrographs with hematoxylin and eosin staining {200, x400). Control LAD segment (A) shows nearly complete
preservation of endothelium. Group | (B), Group Il (C), and Group !l (D) demonstrate differential injury of endothelial cell layer. While
Group 1l shows nearly complete loss of endothelial cells, Group Il shows relatively well preserved endothelium.
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