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Anesthesia Mechanisms: A Patchwork Quilt rather than  
a Wet Blanket?
Logan Voss, Ph.D., Jamie W. Sleigh, M.D.

Scientific models attempt to be 
the best representations of the 

available facts. The so-called “wet 
blanket” model of anesthetic action 
assumed that anesthetic drugs dis-
tribute evenly to all brain regions 
and nonspecifically dampen down 
the fire of global neuronal activ-
ity, leading to the unresponsive 
anesthetized state. Over time it 
has become clear that specific 
brain regions contribute to differ-
ent behavioral anesthetic effects, 
such as amnesia (hippocampus) 
and immobility (spinal cord). 
Technological advances that enable 
ever greater spatial and physiologic 
resolution continue to refine our 
understanding of where and how 
anesthetics work in the brain.

In this issue of Anesthesiology, 
Melonakos et al. report on anes-
thetic interactions within the 
dorsal pontine region of the 
ascending reticular activating system, known as the parab-
rachial nucleus.1 Utilizing a cutting-edge technique known 
as Designer Receptors Exclusively Activated by Designer 
Drugs (DREADDs), the authors investigated whether 
parabrachial nucleus excitation could reverse dexmedeto-
midine or ketamine sedation. DREADDs methodology is 
a complex mix of viral vector and inducible gene tech-
nology, allowing individual nuclei or groups of neurons 
to be manipulated with exquisite specificity.2 In this case, 
glutamatergic neurons in the parabrachial nucleus were 
switched on or off at will, and the effect on the wider brain 
network was observed. This paper is a quintessential exam-
ple, showcasing the sophisticated tools now available to 
explore the function of highly localized subregions of the 
brain. The authors found that parabrachial excitation had 
minimal effects on electroencephalogram delta waves or on 
the recovery time for high-dose dexmedetomidine or low-
dose ketamine, but paradoxically prolonged the recovery time 

from high-dose ketamine. These 
findings contrast with previous 
work with DREADD activation 
of the parabrachial nucleus that 
demonstrated dramatically accel-
erated emergence from anesthesia, 
which included a γ-aminobutyric 
acid–mediated (GABAergic) com-
ponent of drug action (propofol 
and volatile anesthetics).3,4 How 
can we make sense of these obser-
vations in a wider context, and 
what is their clinical relevance?

The ascending reticular activat-
ing system was originally described 
as a diffuse brain stem arousal sys-
tem necessary for wakeful behavior, 
based on its widespread excitatory 
projections to the thalamus and 
cerebral cortex and the decreased 
arousal caused by lesions of this 
system. However, over the last two 
decades, there has been a steady 
stream of investigations helping to 

dissect out the role specific arousal nuclei play within this 
system and how anesthetics interact with these targets. For 
example, studies have shown that unresponsiveness can be 
induced by microinjection of anesthetic drugs in specific 
regions,5 or conversely, that animals could be awakened 
from light anesthesia by activating various nuclei using 
neuromodulators and electrical stimulion.6,7 This has given 
rise to the notion that general anesthetic agents—to some 
extent, at least—harness and exaggerate localized brainstem 
components of natural GABAergic sleep mechanisms. The 
wet blanket is starting to resemble a patchwork quilt.

There is a body of evidence that the glutamatergic neu-
rons in the medial parabrachial nucleus play a central role 
in controlling wakefulness—as these neurons project to, 
and coactivate, many other wake-promoting regions (the 
basal forebrain, intralaminar thalamus, lateral hypothalamus, 
ventral tegmental area, and locus ceruleus). Parabrachial 
DREADDs-stimulated glutamatergic activity is sufficient 

“Are we closer to actively 
waking a patient from general 
anesthesia, rather than just 
waiting for passive elimination 
of hypnotic drugs?”
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to reanimate animals, in the presence of less than about 
0.8 minimum alveolar concentration (MAC) equivalent 
of GABAergic hypnotic drugs.3 Thus, when the brain is 
already quite close to the tipping point between sleep and 
wakefulness, full reversal can be achieved when natural sleep 
mechanisms are antagonized. With higher concentrations of 
GABAergic hypnotic drugs, other direct cortical suppres-
sant effects are sufficiently strong to oppose the subcortical 
activation, and so prevent emergence.

Why are these effects not replicated with dexmedeto-
midine and ketamine? The authors discuss some possibili-
ties, but clearly their results indicate the presence of other 
arousal systems that lie in series with that of the parabrachial 
nucleus. These collateral actions dominate at higher dexme-
detomidine concentrations. This would explain the unique 
flavor and features of dexmedetomidine sedation and also 
why it potentiates GABAergic sedative drugs. Further, why 
does ketamine appear to require extra glutamate for its hyp-
notic effect? This strange observation agrees with other 
work showing that intact mitochondrial reserve is a pre-
requisite for ketamine hypnotic effects,8 and that ketamine 
increases frontal lobe glutamate recycling.9 The implication 
is that ketamine causes hypnosis by an energy-dependent 
process supporting active glutamatergic signaling.

To what extent can we extrapolate these animal studies 
to clinical anesthesia? Are we closer to actively waking a 
patient from general anesthesia, rather than just waiting for 
passive elimination of hypnotic drugs? Safety and ethical 
constraints clearly preclude the clinical use of DREADD 
technology. However, the information generated from this 
technology may point us to specific subtypes of receptors 
that would be amenable to future targeted drug therapy. It is 
also worth noting that many of the drugs currently used as 
adjuncts in anesthesia (for example, anticholinergic, antia-
minergic, and antihistaminergic agents) act on nuclei in the 
ascending reticular activating system to impede emergence 
from anesthesia.

With ever increasing functional localization, perhaps 
there’s a risk of losing sight of the proverbial forest for the 
trees. While the wet blanket view of anesthetic action is 
much too simplistic, it is nevertheless helpful to view this 
patchwork of mechanistic studies through a “wet blan-
ket” lens. Anesthetics affect the brain globally but not uni-
formly. At the risk of overextending the metaphor, some 
parts of the patchwork blanket are made of toweling and 
absorb a lot of water, and some are made of leather and 
are only dampened at high concentrations—but still pre-
vent the fire from igniting. Furthermore, the patchwork 
is interconnected, functionally interdependent, and highly 
wickable. Ultimately, it is the cumulation and integration 
of specific actions at multiple locations that character-
izes general anesthesia. Pro tempore, anesthesia resembles a 
damp patchwork.
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