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Study’s Critical Questions  ~==”

» Can we quantify N, narcosis (equivalent narcotic depth)?
—What is a significant level of narcosis?
—What mission critical skills are impaired?

* Do CO, and O, affect N, narcosis?
—Are the narcotic properties of the gases different?
—Are CO, and O, independently narcotic?
—Are the effects additive or is there a synergistic “interaction” (multiplicative)?
—What is the duration of their narcotic effects (adaptation)?

* Is ETCO, an adequate surrogate for PaCO,?
—What is the relationship of ETCO, to PaCO, at depth during exercise?

—How can we measure and eventually predict physiologically relevant values
of CO,?



Study Design

Figure 4, Protocol summary
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Table 2, Conditions of hyperbaric phase of Protocols A-D
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Protocol | Number of | Exercise Pressures Added

name subjects +/- (fsw) CO;
A 15 - 122.1 158.4 + and -

15 122.11584 | +and-

B
C 10 158.4 +and -
D 10 158.4 +and -




MATB Tasks NAVSEA
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7 Cognitive Impairment Measurements Methods

! Duke fnestnesiogy

« TRACKING (each 1/second, last 3 minutes of stage )
—RMS pixel distance from origin
—visual / motor

« SYSMON
—correct response (lights and scales)
—reaction time
—inappropriate keystrokes
—attention / reaction time

« COMM (5/stage)
—correct radio
—correct frequency
—reaction time
—inappropriate keystrokes
—attention / memory / reaction time

* RESMAN (each 15 seconds)
—tank levels
—attention / planning / strategy
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Methods: Ak /-oZe)

Y Duke Anesthesilogy

« 33 subjects
* Practice to plateau level

e Trials:
—PiC0O2=0 and 0.075 ATA (7.5 kPa)

—Pi02=0.21 ATA (21.3 kPa), 1.0 ATA (101.3 kPa)
and 1.22 ATA (123 kPa)

—PiN2=0 and 0.79 ATA (80.0 kpa), 4.6 ATA (465
kPa) and 5.6 ATA (567.3 kPa)

* Preliminary Analysis
—pre-to-post test correlations, means, 95% Cl,
repeated measures ANOVA, linear regression.

—controlled for recent video game experience,
exercise and pre-test hypercapnic ventilatory
response (HCVR)
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Combined Data: A
FMP output: o
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J Preliminary Results Summary "=

* Pre-to-post test scores were well correlated

* Arterial CO, and O, and end-tidal CO,, O,, N, and their interactions are
significant predictors of performance

 Strong narcosis / cognitive impairment signal for 0.075ATA CO.,.
* Low to moderate narcosis signal for 4.5 to 5.6ATA N,
 The effect of O,, depends on its context (interactions with other gases)
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On the surface O, appears to counteract CO, associated cognitive impairment.
100%

« CO, caused a 17 to 31% performance decrement rest and exercise respectively
(p<.001 ANOVA with Tukey’s HSD post-hoc correction)

« Stages with higher PiO,s in that only a 7-12% decrement was observed.
« Confirms the findings of Gill and Vann

TRACKING by Inspired Gas (surface)
Figure 1 shows the All subjects (n=21) normalized to rest/surface/air
mean TRACKING rest 1 exercise
distances (£ 95% CI) '
for iImmersed surface
conditions.
Performance
impairment from
0.075ATA CO, was
reversed by increased
PiO0,=.925. (higher
scores are worse)
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 Elevated PiN, alone at 4.5 ATA did not significantly impair TRACKING
performance (p=.366),

« At constant 4.5ATA an elevated PiO, (1.2ATA) was associated with a 15%
(normocapnic) to 85% (hypercapnic) performance decrement (p<.001)
compared to a normoxic PiO, (0.21ATA).

* PIO, = 1.2ATA was associated a 50% failure rate

» O, narcotic effect versus toxicity?

TRACKING by Inspired Gas (dive)
Flg ure 2 ShOWS the 158 fsw EAD protocol (n=8) normalized to rest surface air
severe impairment of
TRACKING performance
during 0.075ATA CO,
challenge at 158 feet
seawater while breathing
a gas with a
PiO,=1.2ATA. Scores
were improved by :
SWitChing to a lower N 11’3;11*245 - 14ex2145 N 2!]-;::05-'];-;?\-'9 test
PiO0,=0.21ATA. 12ex(24psc02  15ex(Z1/45+C02

stage-exercise / PiO, / PiN, + added CO, (0.075 ATA
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Preliminary Conclusions: ===

1. According to the Meyer-Overton theory of anesthetic potency, O,
should cause cognitive impairment when breathed at hyperbaric
pressures.

2. Prior investigators have noted mixed effects, however, this may
be because oxygen is a substrate for cellular respiration, a potent
vasoconstrictor, and it is CNS toxic at > 1.4 ATA.

3. Accordingly, a partial pressure below 1.4 ATA may be insufficient
to detect a measurable narcotic effect. Additional subjects and
gas partial pressures should be tested to confirm these
preliminary findings.

4. Incipient CNS O, toxicity secondary to CO,-mediated release of
protective O, cerebral vasoconstriction will need to be
distinguished from narcosis.



« Are CO, and O, independently narcotic?
* probably

» Are the effects additive or is there a -.
synergistic (multiplicative) interaction with -
N,?

* Interaction (O,and CO,), (N, and CO,?)

« Are the narcotic properties of the gases
different?

« probably but pending
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Upcoming Results

* Create the algorithm to compute the “equivalent narcotic
depth” based on gas partial pressures

—Test the lower limits of gas partial pressures (40 additional
subjects)

—inclusion of subjective findings, adaptation (divers versus non-
divers)

—hypercapnic ventilatory response, VO2 max

 Assess the relationship between end-tidal and arterial partial
pressure of CO, (PCO,)to predict elevated arterial PCO,
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