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activity. In particular, the identification of abrupt slow-wave 
emergence trajectories in some individuals indicates a higher 
resistance to brain state changes on emergence, i.e., these 
individuals have a higher degree of neural inertia. This quite 
marked interindividual hysteresis is lost unless within-sub-
ject analyses are performed as we have done. Furthermore, 
our categorization of abrupt (rather than graded) emergence 
trajectories takes into account three factors: the electroen-
cephalographic brain state, behavioral state, and hypnotic 
drug concentrations. While we acknowledge that the use of 
population-based propofol effect concentrations is a minor 
limitation, these abrupt trajectories were also identified in 
the clinical studies using the more accurate measurement of 
end-tidal volatile agent concentrations.

We believe our findings provide additional support to 
Kelz and coworkers’ hypothesis that a neural effect contrib-
utes to anesthetic hysteresis, further highlighting that this is 
not purely a pharmacokinetic issue. Based on our findings, 
we proposed a more general definition of neural inertia as “a 
tendency of the central nervous system to resist transitions 
between conscious and unconscious states” in the article’s 
Discussion. This allows for inclusion of different brain state 
transitions, as inferred by electroencephalographic methods, 
functional brain imaging, and/or behavior. While Colin 
et al. have tended to focus on pharmacokinetic mechanisms 
and behavioral read-outs, the shortcomings of which for 
assessing true neural inertia are elegantly detailed by Pro-
ekt and Kelz,4 we suggest our systems-level approach is more 
suitable and indicates that both disruption of neuronal func-
tion and impairment of neural network dynamics play a key 
role in neural inertia.

Competing Interests
Dr. Warnaby and Irene Tracey were listed as inventors on 
patent applications filed by Oxford University Innovation, 
the technology transfer company of the University of Ox-
ford (Oxford, United Kingdom; formerly Isis Innovation) on 
perception loss detection using slow-wave activity satura-
tion. The remaining author declares no competing interests.

Catherine E. Warnaby, Ph.D., Jamie W. Sleigh, M.D., 
Irene Tracey, M.A. (Oxon), D.Phil., F.R.C.A., F.Med.Sci.  
University of Oxford, Oxford, United Kingdom (C.E.W.). 
 katie.warnaby@ndcn.ox.ac.uk 

References
 1. Warnaby CE, Sleigh JW, Hight D, Jbabdi S, Tracey I: 

Investigation of slow-wave activity saturation during surgical 
anesthesia reveals a signature of neural inertia in humans. 
ANESTHESIOLOGY 2017; 127:645–57

 2. Ni Mhuircheartaigh R, Warnaby C, Rogers R, Jbabdi S, Tracey 
I: Slow-wave activity saturation and thalamocortical isolation 
during propofol anesthesia in humans. Sci Transl Med 2013; 
5:208ra148

 3. Whitham EM, Pope KJ, Fitzgibbon SP, Lewis T, Clark CR, 
Loveless S, Broberg M, Wallace A, DeLosAngeles D, Lillie P, 
Hardy A, Fronsko R, Pulbrook A, Willoughby JO: Scalp elec-
trical recording during paralysis: Quantitative evidence that 

Risks of Impaired Organ Protection 
with Inhibiting Transient Receptor 
Potential Vanilloid 1

To the Editor:
With great interest we recently read the manuscript by Garami 
et al.,1 which illustrates how the transient receptor potential 
vanilloid 1 antagonists, AMG 517 and ABT-102, prevent 
anesthesia-induced hypothermia and simultaneously decrease 
opioid requirements for postoperative hyperalgesia in rodents. 
These preclinical data suggest that transient receptor potential 
vanilloid 1 antagonists may be useful as opioid-sparing modal-
ities for analgesia intraoperatively and postoperatively while 
also providing hyperthermia to pharmacologically counteract 
anesthetic-induced hypothermia. This finding is novel and 
may lead the way to developing new opioid-sparing drugs to 
be used perioperatively. However, it would be of benefit if the 
authors may comment on some of the potential shortcomings 
we see of using transient receptor potential vanilloid 1 antago-
nists during surgery and the potential strategies to overcome 
these barriers we outline below.

For example, intravenous administration of transient 
receptor potential vanilloid 1 antagonists may also block 
endogenous mechanisms of organ protection. It is impor-
tant to recognize that untreated transient receptor potential 
vanilloid 1 knockout mice or mice treated with a tran-
sient receptor potential vanilloid 1 inhibitor subjected to 
ischemia-reperfusion injury using an isolated heart model 
produce impaired functional recovery compared to wild-
type transient receptor potential vanilloid 1 mice.2 Further, 
in a deoxycorticosterone acetate–salt hypertension model, 
ablation of transient receptor potential vanilloid 1 gene in 
the C57BL/6 mice exacerbates renal damage compared to 
deoxycorticosterone acetate–salt-treated wild-type mice, 
indicating that transient receptor potential vanilloid 1 may 
constitute a protective mechanism against end-organ dam-
age induced by hypertension.3 Additionally, transient recep-
tor potential vanilloid 1 channel activation reduces organ 
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In Reply:
We thank Wu et al. for their thoughtful comments on our 
article, in which we proposed the novel concept of intraop-
erative use of transient receptor potential vanilloid 1 antago-
nists as a pharmacologic therapy for anesthesia-induced 
hypothermia.1 Wu et al. point out that as transient receptor 
potential vanilloid 1 may play a critical role in ischemia-
reperfusion injury, perioperative blockade of transient 
receptor potential vanilloid 1 might have deleterious con-
sequences. We believe this may not be a significant concern 
regarding our proposed use of intraoperative transient recep-
tor potential vanilloid 1 antagonists for several reasons.

First, we are proposing the possibility of the use of tran-
sient receptor potential vanilloid 1 antagonists to “prevent” 
anesthesia-induced hypothermia to ensure normothermia, 
not to cause hyperthermia. Our data in preclinical models 
support this outcome. We realize that there are specific surgi-
cal cases where hypothermia may be beneficial (e.g., cardiac 
arrest). In these circumstances, transient receptor potential 
vanilloid 1 antagonists would simply be avoided as main-
taining normothermia is not the desired medical outcome.

Second, whether hypothermia is beneficial as a protection 
strategy for organs such as the brain remains uncertain.2,3 
Current guidelines recommend maintenance of normother-
mia in most surgical cases given the preponderance of evi-
dence in favor of normothermia.4,5

Third, the overall effect of transient receptor potential 
vanilloid 1 antagonism on various organ systems is likely 
complex and dependent on the particular preclinical model 
being studied. For example, while the articles cited by Wu et 
al. demonstrate a protective role of transient receptor poten-
tial vanilloid 1 agonism in postischemic recovery, others have 
shown that transient receptor potential vanilloid 1 antagonism 
may have protective role in ischemia-reperfusion in cardiac 
myocytes6 and in the brain,7 as well as in models of hemor-
rhagic shock, cardiac hypertrophy,8,9 and lung injury.10 These 
differences could be secondary to the relative lack of specific-
ity of the antagonist studied (i.e., capsazepine) or unknown 
compensation in the global knockout phenotype. Notably, in 
our studies, we observed increased anesthesia-induced hypo-
thermia in transient receptor potential vanilloid 1 knockout 
mice, and capsazepine had only modest efficacy in preventing 

injury for the lung,4 kidney,5 and brain.6 Furthermore, tran-
sient receptor potential vanilloid 1 antagonists may interfere 
with the agents or interventions administered perioperatively 
that may decrease organ injury, such as a surgical incision or 
opioids that appear to provide their protective effect by a 
transient receptor potential vanilloid 1–dependent mecha-
nism.7 Therefore, using transient receptor potential vanilloid 
1 antagonists for surgeries undergoing organ reperfusion 
injury or in a patient population with cardiovascular disease 
who are at higher risk of having an intraoperative myocar-
dial infarction may possibly cause an unwanted side effect 
of exacerbating organ injury during ischemia-reperfusion or 
block the abilities for agents we commonly administer in the 
operating room to limit cellular injury.

Hypothermia induced by transient receptor potential vanil-
loid 1 activation is also considered as a promising intervention 
for organ protection. Rinvanil, a transient receptor potential 
vanilloid 1 agonist, induces mild hypothermia (33ºC), which 
is associated with 34% smaller cerebral infarct size volumes in 
mice subjected to transient middle cerebral artery occlusion 
versus vehicle-treated controls.5 Thus, drugs specifically inhibit-
ing transient receptor potential vanilloid 1 may interrupt the 
benefits of hypothermia associated with organ protection.

In conclusion, it is important to consider whether blocking 
transient receptor potential vanilloid 1 to reduce opioid require-
ments or raise body temperature may have some unknown risks.
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