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The goals of general anesthesia during medical 
procedures include the safe and reversible induction 
of paralysis, analgesia, amnesia, immobility, and 
unconsciousness.1 Despite the prevalent use of general 
anesthetics for these purposes, there is still uncertainty 
surrounding the mechanisms of their actions on the 
human body and mind. In particular, how anesthesia 
induces a loss of consciousness is not well understood.2 
Recently, a theory that has received increased coverage 
by popular science media is Orchestrated Objective 
Reduction (Orch-OR).3 This is a controversial theory 
posited by Nobel laureate physicist Roger Penrose 
and anesthesiologist and professor at University of 
Arizona Stuart Hameroff, that argues that quantum 
processes in microtubules play a role in the experience 
of consciousness and that anesthesia disrupts these 
microtubules leading to unconsciousness.3 

Philosophically, the conscious mind has often been seen 
as separate from the body. Take Descartes for example: 
According to his famous statement “cogito ergo sum” 
(I think therefore I am), the existence of anything can be 
doubted, even the entirety of the external world and 
one’s own body. But we can know that our mind exists, 
for without it we could not doubt our existence. Thus, 
Descartes draws a distinction between mind and body, 
resulting in what is known as Cartesian dualism.4 

The problem with Cartesian dualism, however, is that 
neuroscience has shown that mental states are correlated 
with neural activity.5 Current trends in neuroscience thus 
opt for a perspective on consciousness grounded in 
scientific materialism, arguing that consciousness is an 
emergent property of complex brain processes that are 
integrated together, and are thus, based in the physical 
matter of the body. Global Workspace Theory and 
Integrated Information Theory are examples of theories 
that attempt to explain the phenomena of consciousness 
in this manner.6,7 

However, the philosopher David Chalmers argues that 
material explanations for consciousness may have strict 
limitations. Chalmers argues that there is no explanation 
for why consciousness occurs. A person may look at a tree, 
and a scientist may be able to trace the neural pathways 
in the brain that transmit this information, but Chalmers 
argues that the subjective experience of “tallness” or 
“greenness” or “treeness” cannot be understood from 
brain activity.8 He goes further to demonstrate this idea 
by constructing what he calls “philosophical zombies.” 
Imagine human beings who look and behave exactly 
as humans do, but without any subjective sensory 
experience. The synaptic and electrical activity in their 
brains would be exactly like normal humans, but they 
would have no sense experience. The fact that these 
beings are possible to conceive of implies that subjective 
experience is different from the physical processes in the 
brain.9 This so-called “Hard Problem of Consciousness” 
indicates that although Cartesian dualism is flawed, 
consciousness cannot be entirely explained by our current 
understanding of neuroscience.

Due to this weakness of traditional methods of explaining 
consciousness, Roger Penrose decided to propose a 
new mechanism grounded in abstract mathematics. 
For some background, in 1931 the mathematician Kurt 
Godel published his incompleteness theorem, which 
states that there are some things that are true but cannot 
be proven within a rigorous framework.10 For example, 
consider the Godel sentence “this statement cannot 
be proven true.” If this statement is provable, then it is 
inconsistent. But if it is not provable, then it is true, but 
its truth cannot be proven.10 The larger implication of 
Godel’s Incompleteness theorem is that any formal proof 
system (such as those used to run computer algorithms) 
has ‘holes’ that cannot be patched through formal 
proofs alone. However, Penrose noticed that human 
mathematicians could prove things that formal proof 
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systems cannot, through the use of intuition or insight. 
Thus, he posited that the human mind runs a “non-
computable algorithm,” different to that of machines 
or traditional neuroscientific theories on brain activity. 
He then proposed that quantum mechanics could be 
the source of this non-computable algorithm within the 
human mind.11

Specifically, Penrose posited that the wave function 
could be a possible explanation for certain aspects of 
consciousness. The wave function is a mathematical 
description of the state of a quantum system. It’s also 
a superposition of different states (called eigenstates), 
and it has a unique property that when interacting with 
a classical system (i.e., when an observer measures it), it 
collapses into one of its eigenstates (this is the source 
of Schrodinger’s cat, which is both dead and alive until 
you open the box it is in). However, this results in an 
inherent randomness, which is unhelpful in describing 
consciousness, as it is evidently non-random. To modify 
this theory, Penrose argued that at the smallest level of 
reality (the Planck length), there are blisters of spacetime 
which each have their own wave function, and due to 
the effects of gravity and the inherent properties of 
spacetime, collapse in a non-computable but also non-
random way, resulting in the theory he called Objective 
Reduction.11 However, he still lacked a physical 
mechanism in the brain to ground this theory in human 
physiology, and for the most part, this theory was not 
taken seriously.

This is where anesthesiologist Stuart Hameroff’s expertise 
was crucial. In the 1970s while he was an undergraduate 
working in a cancer lab, he became fascinated with 
microtubules and as an anesthesiologist, wondered 
if they played a role in human consciousness.12 At the 
time, there was some research on the topic,13 but not 
much consideration was given to this new and radical 
idea. Yet, due to his unique experiences in research as 
well as his clinical expertise in anesthesiology, Hameroff 
became convinced that the key to the human mind had 
something to do with microtubules.12 After reading 
‘The Emperor’s New Mind’ (1980) by Roger Penrose 
and learning about the Objective Reduction theory, he 
reached out to him and together they worked to propose 
a new model based on microtubules. This eventually 
became known as the Orch-OR theory.11,12 

The Orch-OR theory builds upon the Objective 
Reduction theory by presuming that wave function 
collapse occurs along microtubules, and that the 
unique properties of the tubulin dimers that make 
up microtubules allow for other quantum properties 

which would contribute to large scale quantum activity 
throughout the brain.3 As well, general anesthesia’s 
role in rendering patients unconscious for medical 
procedures could be explained by its interaction 
with microtubules, providing a theoretical framework 
for the mechanism of anesthesia.3 In short, quantum 
interactions along microtubules could explain 
consciousness.3,14

For much of its lifetime, Orch-OR has been considered 
to be a fringe theory, but recent studies have shown 
some support for its contentions. In a 2023 study done 
at Princeton University, researchers used lasers to 
excite tubulin dimers, causing a transfer of excitation 
energy across microtubules. However, the presence 
of anesthetics (etomidate and isoflurane) reduced this 
effect.15 Further, in a 2024 study in which rats were 
given a drug that binds to microtubules (epothilone B) 
the rats took over a minute longer to fall unconscious 
under anesthetic than controls.16 Both studies point to 
a connection between anesthesia, microtubules, and 
consciousness. Lastly and most remarkably, a 2024 study 
demonstrated a phenomenon known as superradiance 
occurring in large-scale tryptophan structures. 
Superradiance is essentially a constructive interference 
of quantum activity, and its presence in large structures 
made of tryptophan (which is present in microtubules), 
indicates that large-scale quantum activity can occur 
in biological systems at significant levels, including, 
perhaps, for consciousness.17 

However, the Orch-OR theory is not without valid 
criticism. Many have criticized how the theory lacks 
explanatory power and that it is merely speculation. 
Other criticisms include the fact that it is unlikely that 
quantum fluctuations would be of sufficient magnitude 
or exist for sufficient time spans to have a noticeable 
effect on consciousness, or that in biological systems 
there would be an effective wave function collapse 
before any effect on consciousness could possibly 
occur, due to the chaotic environment.18  

To conclude, the hard problem of consciousness 
remains one of the most difficult to crack. But although 
the Orch-OR theory has its flaws, its creation is a 
remarkable story of how different fields of science 
like cell biology, quantum physics, mathematics, and 
neuroscience can come together to create new and 
exciting ideas about how the mind works. And it would 
not exist without the keen insight and curiosity of an 
anesthesiologist. And as for whether or not quantum 
mechanics holds the key to understanding anesthesia 
and consciousness, it is still too early to tell, and new 
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discoveries only raise more questions. The experience 
of “going under” is still as enigmatic and mysterious 
as ever. But perhaps one day we will discover that the 
magic of anesthesia isn’t just rife with secrets pertaining 
to the human body, but perhaps it contains the secrets 
of the universe itself.
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