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To the Editor

Recently, Iwata et al.1 suggested that prolonged expo-
sure to hypergravity may increase the anesthetic 
potency of propofol, an effect likely to be mediated 

via the vestibular system. These are novel and interesting 
data obtained at the junction of aerospace medicine and 
anesthesiology. However, there are several methodological 
issues that should be addressed by the authors in order to 
validate their conclusion.

Iwata et al.1 chose 3 end points to evaluate the anesthetic 
effects of propofol in rats after the 2-week exposure to 3g 
environment, namely, (1) the latency to burst suppression 
on electroencephalography (EEG), (2) the extent of reduc-
tion in arterial blood pressure, and (3) the latency to recov-
ery of the righting response provoked by noxious electrical 
stimuli. In addition, to prove the contribution of the ves-
tibular system to the increased response to propofol after 
the 3g exposure, a group of rats were subject to bilateral ves-
tibular lesion (VL) 5 days before the centrifugation.

First, the correlation between EEG activity and clinical 
signs in both humans and rats is poor.2 Therefore, employ-
ing only the latency to burst suppression is insufficient for 
adequate evaluation of the hypnotic effect. A conventional 
loss of righting reflex assay should be used as a primary 
assessment method with the EEG data provided for addi-
tional support. Furthermore, bilateral VL causes the ves-
tibular syndrome with the deficits in dynamic behaviors 
(including righting) persisting for >3 months.3 Accordingly, 
the restoration of righting to acceptable levels should be 
documented in rats with VL before behavioral evaluation.

Second, although the use of propofol may be accompa-
nied by hypotension, the latter is not a legitimate measure 
of the anesthetic depth. The cardiovascular system under-
goes adaptive changes under hypergravity conditions4 and 
autonomic dysfunction also develops.5 Therefore, greater 
reduction in blood pressure after propofol in 3g-exposed 
rats may be a nonspecific change extending to all com-
pounds causing hypotension. This possibility has important 
implications for anesthesiologists and should be examined.

Third, the authors used the restoration of righting reflex 
provoked by noxious electrical stimuli to evaluate recovery 
from the immobilizing effect of propofol. However, the loss/
restoration of righting is generally agreed to be a behav-
ioral correlate for the loss/restoration of consciousness, not 
immobility. For evaluation of the immobilizing effect in rats, 
a tail-clamp (minimal alveolar concentration determina-
tion) assay should be employed. Furthermore, hypergravity 
exposure leads to increased pain thresholds, resulting from 
the opioid system activation as a part of the stress response 
to hypergravity.6 Accordingly, the delayed restoration of 
stimulation-induced righting in the rats receiving propofol 
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and exposed to hypergravity rather than indicating a pro-
longation of the anesthetic effect may merely reflect blunted 
perception of electrical stimuli in these animals. This issue 
should be addressed by determining the baseline pain sen-
sitivity in 3g-exposed animals.

It is also critical to determine whether the enhanced sus-
ceptibility to propofol is a hypergravity-specific phenom-
enon and not just a consequence of the stress response, gated 
via the vestibular system and somehow interfering with a 
sleep-wake cycle.7 Finally, and perhaps most important, to 
what extent can we rely on hypergravity models to predict 
the anesthetic consequences of the micro- or hypogravity that 
are predominantly experienced during human space flight? 
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In Response
As pointed out by Petrenko et al.,1 the correlation between 
electroencephalography (EEG) activity and clinical signs is 
poor, especially when median frequency or spectral edge 
frequency is used for EEG evaluation.2 However, since 
burst suppression appears just before an isoelectric EEG 
(electrocerebral silence) and cerebral metabolic rate of oxy-
gen decreases progressively toward the onset of isoelec-
tricity, the EEG (burst suppression) is a reliable marker of 
decreased brain metabolism.3,4 In this regard, burst suppres-
sion is thought to be a useful marker for deep anesthesia.5
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