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Non-opioid analgesic use and concerns for impaired organ
protection
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EditordWith increasing use of non-opioid therapies for intra-

and postoperative pain control, the shortcomings of using

multimodal analgesic therapies to minimize opioid use need

consideration. In particular, understanding how non-opioid

analgesics influence organ protection must be assessed prior

to changing practice to opioid-sparing modalities. For

example, a randomized double-blind study reported an

increased incidence of cardiovascular complications when

cyclooxygenase-2 (COX-2) inhibitors were used post-

operatively after coronary artery bypass grafting.1 Further, the

European Medicines Agency identifies that COX-2 inhibitor

use is contraindicated for those with known cardiovascular

disease.

Thus, it is important to understand whether additional

cross-talk exists between organ protection pathways and

nociceptive signalling pathways when considering available

non-opioid analgesics. One example is that transient receptor

potential (TRP) channels, including TRP ankyrin 1 (TRPA1) and

TRP vanilloid 1 (TRPV1), mediate nociception. Non-opioid an-

algesics including paracetamol, non-steroidal anti-inflamma-

tory drugs, and COX-2 inhibitors target TRPV1 and TRPA1,

which partially contributes to their antinociceptive effects.2e5

Activation of TRPA1 and TRPV1 channels are implicated in

multiple organ-protecting pathways including those involved

in cardiac6,7 and renal8 ischaemiaereperfusion injury. The

TRPV1 inhibitor capsazepine attenuates the myocardial

infarct size reduction afforded by ischaemic preconditioning.9

TRPV1 knockout mice also show decreased recovery of

ischaemiaereperfusion-induced cardiac dysfunction.9

Further, when TRPA1 or TRPV1 is pharmacologically inhibi-

ted, protection by opioids from cardiac reperfusion injury is

also abrogated.6,10
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The involvement of TRP channels in organ-protecting

pathways and early evidence demonstrating impaired organ

protection through inhibition of TRP channels raise concern

regarding the safety of TRP channel antagonists as pain ther-

apeutics. Substantial investment from pharmaceutical com-

panies to develop TRPV1 channel antagonists as pain

therapeutics has occurred over the past decade. In 2011, nine

different TRPV1 antagonists were in clinical trials, with several

completing Phase 2 (Table 1).11 Although no Phase 3 trials are

underway for TRPV1 antagonists, the potential effect of

impaired organ protection for these drugs should be enter-

tained if this class of drugs is going to be further pursued.

These concerns might also be important for other novel

analgesic targets, such as the nerve growth factor (NGF)/TrkA

receptor pathway and the voltage-gated sodium channel 1.7

(Nav1.7). During cardiac ischaemiaereperfusion, NGF is

rapidly produced and exogenous NGF administration im-

proves postischaemic dysfunction.19 NGF also protects PC-12

cells20 and retinal ganglion cells against ischaemia.21 Tane-

zumab (amonoclonal antibody blocking the interaction of NGF

with its receptor TrkA) recently received fast track designation

by the Food and Drug Administration to treat chronic pain.

However, little is known as to whether tanezumab and other

drugs targeting the NGF/TrkA pathway might interfere with

cellular pathways that provide organ protection. Further,

although a role for NaV1.7 in organ ischaemiaereperfusion

injury has not been studied, genetic deletion of Nav1.7 can

increase enkephalin levels.22 The increase in enkephalin could

protect from organ injury since exogenous enkephalin reduces

myocardial infarct size. Therefore, the Nav1.7 pathway will

need further investigation and potentially provide an anal-

gesic pathway that does not impair organ protection.
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Table 1 TRPV1 channel antagonists tested in clinical trials. An updated table based upon TRPV1 antagonists identified by Moran and
colleagues11 that have been tested in Phase 1 and 2 clinical trials. Some clinical trial results have since been published for these drugs
and references are provided. TRPV1, transient receptor potential vanilloid 1; NCT number, National Clinical Trial Number assigned on
ClinicalTrials.gov (ClinicalTrials.gov Identifier); IRAS number, the Integrated Research Application System number for the permission
and approval for health care research in the UK.

TRPV1 channel antagonist Clinical phase Trial registration Clinical data from trial

ABT-102 1 NCT00854659 Rowbotham and colleagues12

AMG-517 2 No registration number Gavva and colleagues13

AZD-1386 2 NCT01019928 Krarup and colleagues14

2 NCT00878501 Miller and colleagues15

DWP-05195 1 NCT00969787 and NCT01094834 Lee and colleagues16

GRC-6211 2 No registration number Unpublished
JTS-653 2 No registration number Unpublished
MK-2295 2 NCT00387140 Unpublished
PHE-377 1 IRAS 88789 Unpublished
SB-705498 1 No registration number Chizh and colleagues17

1 NCT00731250 Unpublished
1 NCT01673529 Gibson and colleagues18

2 NCT00281684 Unpublished
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Even local infiltration of novel non-opioid analgesics could

reduce the ability of remote conditioning to activate cellular

protective pathways triggered by nociception.23 For example,

lidocaine infiltration to the abdomen in rodents can block the

infarct size sparing effect triggered by nociceptors after a

surgical incision.23 An element of organ protection is also

neurally mediated as intrathecal administration of opioids can

protect from organ injury as effectively as systemic

administration.24

Since cross-talk between the organ protection pathways

and nociceptive signalling pathways exists, the choice of non-

opioid pain medications might be particularly important for

surgeries that cause organ ischaemiaereperfusion injury such

as cardiac procedures requiring bypass, solid organ trans-

plants,25,26 and vascular procedures.27 In the era of precision

medicine, perhaps in some subsets of patients the benefits of

using opioid-mediated analgesia might outweigh the risks

when compared to amultimodal approach to analgesia. Taken

together, using non-opioid analgesics or adjuvants for surgery

could have unwanted effects in specific patient populations.

This should not go unrecognized particularly if novel non-

opioid pain therapies become available for use in the future.
Declaration of Interest

None declared.
Funding

US National Institutes of Health (GM119522 and HL109212) to

E.R.G.; Priority Department of the Second Affiliated Hospital of

Anhui Medical University to Y.W.; Foundation for Anaesthesia

Education and Researchmedical student anaesthesia research

fellowship to H.M.H.
References

1. Nussmeier NA, Whelton AA, Brown MT, et al. Complica-

tions of the cox-2 inhibitors parecoxib and valdecoxib

after cardiac surgery. N Engl J Med 2005; 352: 1081e91
2. Andersson DA, Gentry C, Alenmyr L, et al. Trpa1 mediates

spinal antinociception induced by acetaminophen and

the cannabinoid delta(9)-tetrahydrocannabiorcol. Nat

Commun 2011; 2: 551

3. Mallet C, Barriere DA, Ermund A, et al. Trpv1 in brain is

involved in acetaminophen-induced antinociception. PLoS

One 2010; 5, e12748

4. Materazzi S, Nassini R, Andr�e E, et al. Cox-dependent fatty

acid metabolites cause pain through activation of the

irritant receptor trpa1. Proc Natl Acad Sci U S A 2008; 105:

12045e50

5. Hu H, Tian J, Zhu Y, et al. Activation of trpa1 channels by

fenamate nonsteroidal anti-inflammatory drugs. Pflugers

Arch 2010; 459: 579e92

6. Lu Y, Piplani H, McAllister SL, Hurt CM, Gross ER. Tran-

sient receptor potential ankyrin 1 activation within the

cardiac myocyte limits ischemiaereperfusion injury in

rodents. Anesthesiology 2016; 125: 1171e80

7. Hurt CM, Lu Y, Stary CM, et al. Transient receptor poten-

tial vanilloid 1 regulates mitochondrial membrane po-

tential and myocardial reperfusion injury. J Am Heart

Assoc 2016; 5, e003774

8. Chen L, Mark�o L, Kaßmann M, Zhu Y, Wu K, Gollasch M.

Role of trpv1 channels in ischemia/reperfusion-induced

acute kidney injury. PLoS One 2014; 9, e109842

9. Zhong B, Wang DH. Trpv1 gene knockout impairs pre-

conditioning protection against myocardial injury in iso-

lated perfused hearts in mice. Am J Physiol Heart Circ

Physiol 2007; 293: H1791e8

10. Heymann HM, Wu Y, Lu Y, Qvit N, Gross GJ, Gross ER.

Transient receptor potential vanilloid 1 inhibitors block

laparotomy- and opioid-induced infarct size reduction in

rats. Br J Pharmacol Adv October 5, 2017. http://dx.doi.org/

10.1111/bph.14064

11. Moran MM, McAlexander MA, Bı́r�o T, Szallasi A. Transient

receptor potential channels as therapeutic targets. Nat Rev

Drug Discov 2011; 10: 601e20

12. Rowbotham MC, Nothaft W, Duan WR, et al. Oral and

cutaneous thermosensory profile of selective TRPV1 in-

hibition by ABT-102 in a randomized healthy volunteer

trial. Pain 2011; 152: 1192e200

http://dx.doi.org/10.1111/bph.14064
http://dx.doi.org/10.1111/bph.14064
http://ClinicalTrials.gov
http://ClinicalTrials.gov


Correspondence - 405
13. Gavva NR, Treanor JJ, Garami A, et al. Pharmacological

blockade of the vanilloid receptor TRPV1 elicits marked

hyperthermia in humans. Pain 2008; 136: 202e10

14. Krarup AL, Ny L, Gunnarsson J, et al. Randomized clinical

trial: inhibition of the TRPV1 system in patients with

nonerosive gastroesophageal reflux disease and a partial

response to PPI treatment is not associated with analgesia

to esophageal experimental pain. Scand J Gastroenterol

2013; 48: 274e84

15. Miller F, Bj€ornsson M, Svensson O, Karlsten R. Experiences

with an adaptive design for a dose-finding study in pa-

tients with osteoarthritis. Contemp Clin Trials 2014; 37:

189e99

16. Lee J, Kim BH, Yu KS, et al. A first-in-human, double-blind,

placebo-controlled, randomized, dose escalation study of

DWP05195, a novel TRPV1 antagonist, in healthy volun-

teers. Drug Des Devel Ther 2017; 11: 1301e13

17. Chizh BA, O’Donnell MB, Napolitano A, et al. The effects of

the TRPV1 antagonist SB-705498 on TRPV1 receptor-

mediated activity and inflammatory hyperalgesia in

humans. Pain 2007; 132: 132e41

18. Gibson RA, Robertson J, Mistry H, et al. A randomised trial

evaluating the effects of the TRPV1 antagonist SB705498

on pruritus induced by histamine, and cowhage challenge

in healthy volunteers. PLoS One 2014; 9, e100610

19. Abe T, Morgan DA, Gutterman DD. Protective role of

nerve growth factor against postischemic dysfunction of

sympathetic coronary innervation. Circulation 1997; 95:

213e20
20. Boniece IR, Wagner JA. Growth factors protect PC12 cells

against ischemia by a mechanism that is independent of

PKA, PKC, and protein synthesis. J Neurosci 1993; 13:

4220e8

21. Siliprandi R, Canella R, Carmignoto G. Nerve growth factor

promotes functional recovery of retinal ganglion cells af-

ter ischemia. Invest Ophthalmol Vis Sci 1993; 34: 3232e45

22. Minett MS, Pereira V, Sikandar S, et al. Endogenous opioids

contribute to insensitivity to pain in humans and mice

lacking sodium channel nav1.7. Nat Commun 2015; 6: 8967

23. Jones WK, Fan GC, Liao S, et al. Peripheral nociception

associated with surgical incision elicits remote non-

ischemic cardioprotection via neurogenic activation of

protein kinase c signaling. Circulation 2009; 120: S1e9

24. Groban L, Vernon JC, Butterworth J. Intrathecal morphine

reduces infarct size in a rat model of ischemia-

reperfusion injury. Anesth Analg 2004; 98: 903e9

25. Beck-Schimmer B, Schadde E, Schl€apfer M. Volatile an-

aesthetics and organ protection in kidney transplantation:

finally, a randomized controlled trial! Br J Anaesth 2017;

118: 643e4

26. Niewenhuijs-Moeke GJ, Niewenhuijs VB, Seelen MAJ, et al.

Propofol based anaesthesia versus sevoflurane based

anaesthesia for living donor kidney transplantation, re-

sults of the VAPOR-1 randomized controlled trial. Br J

Anaesth 2017; 118: 720e32

27. Yang B, Fung A, Pac-Soo C, Ma D. Vascular surgery-related

organ injury and protective strategies: update and future

prospects. Br J Anaesth 2016; 117(Suppl 2): ii32e43
doi: 10.1016/j.bja.2017.11.070

Advance Access Publication Date: 26 November 2017

© 2017 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.
Predicting successful supraclavicular brachial plexus block using
pulse oximeter perfusion index: is it really an objective outcome?
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EditoreIn their recent article, Abdelnasser and colleagues1

studied an objective measure for the assessment of success-

ful peripheral nerve block. I have a few issues regarding the

study.

The article did not discuss much about the pulse index (PI)

and PI ratio values for the unsuccessful block. These data are

of immense importance in view of understanding the changes

in PI values when a block fails. It is presumed and subse-

quently established that a successful blockwill result in higher

PI values and PI ratio values at 10 min from the time of

administration of the block. However, we are eager to know

the outcome in partial blocks seen with sparing of some

nerves to the target area. Here we only see comparative data

between the blocked and unblocked arm. Having data for the
unsuccessful block would have given more validity to the

study.

The article did not discuss the effect of the drugs on blood

vessels. The PI value is dependent on pulse amplitude index

and is influenced by the amount of blood, not by the concen-

tration of oxygen or the success of the block. Therefore we are

actually assessing the effectiveness of block by an indirect

method. The authors do not discuss the fact that local

anaesthetic in the same vicinity of the major blood vessel

(here the subclavian artery) will produce some vasodilation.

This change would be reflected in changes of PI value irre-

spective of the success of the block.

Drugsmust be factor in these studies as the use of additives

can change the degree of vasodilation. For example, use of

https://doi.org/10.1016/j.bja.2017.11.070
mailto:drdpaulamc@rediffmail.com

	Non-opioid analgesic use and concerns for impaired organ protection
	Declaration of Interest
	Funding
	References


