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The Effect of Nitrous Oxide on Cerebral Entropy during Isoflurane Inhalational Anesthesia

Kwan Sik Park, M.D., Jong Cook Park, M.D.*, Bong Ki Moon, M.D., Sook Young Lee, M.D., Jin Su Kim, M.D., and Hyun Ju No,

M.D.

Department of Anesthesiology and Pain Medicine, College of Medicine, Ajou University, Suwon; *Department of Anesthesiology and
Pain Medicine, College of Medicine, Cheju National University, Jeju, Korea

Background: The bispectral index has limitations in describing the exact depth of anesthesia during nitrous oxide inhalation.
This study examined the effect of nitrous oxide on the cerebral entropy measured using an entropy module (M-ENTROPY Module

S/5®, Datex-Ohmeda division, Instrumentarium Corporation, Helsinki, Finland) during the stable anesthetic period with isoflurane

inhalation.

Methods: Sixty ASA 1 or 2 adult patients were randomly allocated to three groups. During the stable maintenance period

after the skin incision, the baseline entropy values (response entropy, RE; state entropy, SE) were recorded at 2.5 minutes intervals

over a 20 minute period on a single frontal channel at 0.9% end-tidal isoflurane. After this, medical air was used continuously

(group C) or replaced with nitrous oxide at 40% (group L) or 60% (group H) with continuous hemodynamic and entropy values

monitoring. Each of the variables was recorded and analyzed at 2.5 minutes intervals over a 20 minute period.
Results: Average values (mean * SD) of the RE and SE during experimental period were lower in group H (29.2 + 12.3

and 28.5 * 11.7, respectively) than group L (33.9

+
in group L than in group C (46.6 = 14.8 and 45.5 *+

7.3 and 33.0 £ 7.3, respectively) and the averaged values were lower
14.2, respectively). The percent reduction was larger in group H (42.1

+ 142 and 38.7 £ 16.5, respectively) than in group L (25.3 £ 15.1 and 24.4 * 14.9, respectively) and the percent reduction

was larger in group L than in group C (P < 0.01).

Conclusions: Added nitrous oxide during the anesthetic maintenance period with isoflurane decreases the level of cerebral

entropy. (Korean J Anesthesiol 2007; 52: 543~ 9)

Key Words: entropy, isoflurane, nitrous oxide.
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Table 1. Demographic and Baseline Data

Group ¢ L H
(n = 20) (n = 20) (n = 20)

Sex (M/F) 7/13 12/8 11/9
Age (yr) 403 + 9.8 49.6 = 144 477 + 169
Height (cm) 160.7 = 87 1644 £ 9.1 1624 *+ 92
Weight (kg) 58.1 = 7.0 634 £ 114 621 *+ 100
ASA PS (I/ID) 12/8 7/13 7/13
Baseline values

RE 455 £ 157 468 + 120 504 * 154

SE 441 £ 154 449 £ 113 470 = 15.1

Et-Iso (vol%) 0.88 + 0.06 087 = 0.06 0.86 = 0.06

SBP (mmHg) 1302 = 189 1419 =+ 136 139.1 + 12.6

DBP (mmHg) 788 + 11.3 839 + 157 815 *+ 129

PR (bpm) 799 £ 110 691 + 138 765 *+ 144
Values are mean * SD. ASA PS: American Society of Anes-

thesiologists Physical Status, Baseline values are average values for
20 minutes during stable anesthetic maintenance period after skin
incision, RE: response entropy, SE: state entropy, Et-Iso: end-tidal
isoflurane, SBP: systolic blood pressure, DBP: diastolic blood pres-
sure, PR: pulse rate. Group C: medical air, Group L: nitrous oxide
40%, Group H: nitrous oxide 60%.
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Fig. 1. The changes of end-tidal isoflurane concentration during
nitrous oxide inhalation in the three groups. Values are mean + SD.
Group C: medical air, Group L: nitrous oxide 40%, Group H: nitrous
oxide 60%. Baseline: averaged baseline values for 20 minutes before
nitrous oxide inhalation, Start: start point of record after reached at
desired end-tidal nitrous oxide %. *P < 0.05 compared with group
C. There are no statistically significant differences between group L
and H.
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Table 2. Average Values during Experimental Periods

Table 3. Percent Reduction (%) from Baseline

Group ¢ L H Group ¢ L H
(n = 20) (n = 20) (n = 20) (n = 20) (n = 20) (n = 20)

Et-N,O (%) 0 378 + 097 575 & 1577 RE 53 + 229 253 + 15.1* 421 + 142%7
RE 466 + 148 339 + 737 202 + 1237 SE 6.4 = 240 24.4 + 14.9* 387 + 165+"
SE 455 + 142 330 += 737 285 + 1177 Et-Iso —18 £ 59 —11.0 £ 6.5* —9.1 £ 6.8*
Et-Iso (vol%) 0.89 = 0.03 1.00 *+ 0057 093 * 005" SBP 06 = 6.1 11.6 = 8.1 11.2 + 11.0
SBP (mmHg) 1284 + 104 126.6 *= 11.5 1238 *+ 10.7 DBP 37 £ 7.1 125 = 92 13.8 = 11.0
DBP (mmHg) 766 * 112 755 £ 153 715 + 12.8 PR 44 + 103 35 + 83 95 + 6.7
PR (bpm) 769 = 11.0 680 * 153* 699 =+ 11.4*

Values are mean = SD. Each value is percent reduction of average
Values are mean =+ SD. Each values are average values during values during experimental periods compared with baseline. RE:

experimental period for 20 min. Et: end tidal, N,O: nitrous oxide, RE:
response entropy, SE: state entropy, Iso: isoflurane, SBP & DBP:
systolic & diastolic blood pressure, PR: pulse rate. *P < 0.05
compared with group C, TP < 001 compared with group C, p <
0.01 compared with group L.
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Fig. 2. The changes of response entropy (RE) during nitrous oxide
inhalation in the three groups. Values are mean * SD. Group C:
medical air, Group L: nitrous oxide 40%, Group H: nitrous oxide
60%. Baseline: averaged baseline values for 20 minutes before nitrous
oxide inhalation, Start: recording start point after reached at desired
end-tidal nitrous oxide %. *P < 0.05 compared with group C, p
< 0.01 compared with group C.
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response entropy, SE: state entropy, Et: end tidal, Iso: isoflurane, SBP
& DBEP: systolic & diastolic blood pressure, PR: pulse rate. *P < 0.05
compared with group C, TP < 005 compared with group L.
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Fig. 3. The changes of state entropy (SE) during nitrous oxide
inhalation in the three groups. Values are mean * SD. Group C:
medical air, Group L: nitrous oxide 40%, Group H: nitrous oxide
60%. Base: averaged baseline values for 20 minutes before nitrous
oxide inhalation, Start: recording start point after reached at desired
end-tidal nitrous oxide %. *P < 0.05 compared with group C, P <
0.01 compared with group C.
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