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a b s t r a c t
Mechanism-based therapy for chronic pain is desperately needed. Recent basic science research demonstrated that remifentanil can reverse long-term potentiation at C-fiber synapses in the dorsal horn of rats.
In this exploratory, single group study, patients with chronic post-herpetic pain were treated with a single, one-hour, high-dose remifentanil infusion. The mean overall change of pain intensity seven days after
treatment was 18 ( 7.5; 28.5, 95%CI, p < 0.001) points on the numeric rating scale (0–100) ( 33 (±11)
points amongst responders only). Eleven of 20 patients responded to treatment (30% reduction in pain),
the mean relative reduction in pain from baseline amongst responders was 61.0%. These promising preliminary results suggest that a mechanism-based reversal of chronic pain may be impending.
Ó 2017 Published by Elsevier Ltd.

1. Introduction

2. Methods

Mechanism-tailored therapy is necessary for effective treatment of chronic pain [1–4]. One hypothesis of chronic pain
involves amplification of synaptic strength at C-fiber synapses in
the superficial spinal cord dorsal horn [5]. Long-term potentiation
(LTP) of synaptic strength is a cellular model for pain amplification
at these synapses. Drdla-Schutting and colleagues recently demonstrated that a brief, high-dose, systemic application of the ultrashort acting opioid receptor agonist remifentanil reversed LTP
and hyperalgesia in rats [6]. This depotentiation constitutes a previously unrecognized effect of the drug. The aim of the present
proof-of-concept study was to transfer these findings for the first
time to patients and explore high-dose remifentanil in chronic,
post-herpetic (PHN) pain, a condition that might at least partially
depend on signal amplification at the spinal level [3,7,8].

Twenty-two PHN patients gave written informed consent for
this open-label, single group, exploratory trial. Baseline pain scores
(numeric rating scale 0–100) were assessed one day before treatment. On the next day, they received an intravenous, one-hour,
target-controlled remifentanil infusion (at 18 ng*ml 1) under standard anesthesia care. Pain was assessed one and seven days after
treatment. Quantitative Sensory Testing (QST) was used to identify
predictors of response (for details [9,10]). Thermal assessments
(perception thresholds for cold, cold pain, warmth, and heat pain;
tolerance thresholds for heat pain) were made using a Thermal
Sensory Analyzer (TSA-2001, Medoc Ltd., ramat-Yishai, Israel).
Mechanical pain sensitivity (MPS) and mechanical pain threshold
(MPT) were measured with calibrated pin pricks of seven forces
8-512mN (The PinPrick MRC Systems, Heidelberg, Germany). Analyses of pain scores was based on a one-way, repeated-measures
ANOVA with Dunnett’s tests. Data are presented as mean (±standard deviation) or median and range. The study was approved by
the local ethics committee and registered at clinicaltrials.gov
(NCT01102101).
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3. Results
Data of 20 patients were analyzed (exclusions: one patient did
not attend any follow up visit, one refused any further assessments
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Table 1
Pain scores of all patients, and responders and non-responders, at baseline and one and seven days after treatment.
Baseline NRS

Day 1 NRS

Day 7 NRS

p-values

Overall n = 20

59 (±16)

Responders
n = 11 (55%)
Non-responders
n = 9 (45%)

59 (±13)

42 (±27)
( 17.5, 7.1; 27.9)
27 (±23)
( 31.8, 18.5; 45.2)
59 (±19)
(±2.2, 4,1; ±8.6)

41 (±25)
( 18, 7.5; 28.5)
24 (±16)
( 35.0, 25.5; 44.5)
62 (±16)
( 0.56, 7.0; 5.9)

0.0015 vs.
0.0012 vs.
0.0002 vs.
0.0001 vs.
n.s.

62 (±17)

day
day
day
day

1
7
1
7

mean (±standard deviation) and in brackets below mean reductions from baseline and 95% confidence intervals, with p values from Dunnett’s tests on the right;
NRS = numeric rating scale 0–100; n.s. = non-significant ANOVA results with no further testing; responder = 30% pain reduction from baseline on day seven after treatment.
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Fig. 1. Pain ratings (NRS, 0–100) at baseline and 1 day and 7 days after treatment;
dotted line = baseline pain; black, filled circles: pooled pain ratings (mean, 95%CI);
open circles: responders (dashed line = mean); upside-down triangles: non-responders (dot dashed line = mean).

after treatment). Patients (9 male, 11 female) were 69.8 (±11.1)
years old and had suffered from PHN a median of 22 months (range
1–312) with an average pain at baseline of 59 (±16). The mean
overall change in pain intensity was statistically significant, on
average 17.5 ( 7.1; 27.9, 95%CI) one day and 18 ( 7.5;
28.5) seven days after treatment (F(2,19) = 13.17, p < 0.001)
(see Fig. 1 and Table 1). Of the 20 patients, 11 patients (55%)
responded (pain reduction 30%) seven days after treatment, of
whom 8 (40%) experienced a 50% pain reduction. The average
change of pain was 61.0% among the responders and +2.2%
among non-responders. Responders and non-responders did not
differ significantly at baseline concerning age, disease duration,
sex distribution, or pain intensity (p for all >0.05). There was weak
evidence of non-responders being more hyperalgesic (MPS) than
responders at baseline (p = 0.068). In the responder group, there
was evidence of a significant reduction of MPS (p = 0.042) after
treatment. We could not identify any predictors of response based
on group characteristics or with the use of QST. No serious adverse
events occurred.

gle, brief, high-dose remifentanil infusion partially and longlastingly reversed chronic pain in a subgroup of PHN patients.
Currently, treatment of neuropathic pain is lengthy, with high
risk of side-effects, and mainly targets symptoms, not causes. This
might be the reason for low efficacy and patient satisfaction
[11,12]. The reduction of spontaneous pain and mechanical hyperalgesia over one week in our study, well beyond the drug’s terminal elimination half-life [13], suggests underlying mechanisms are
targeted. Based on the information of this treatment in animals [6],
pre-injury conditions might be at least partially restored in
humans, possibly constituting a curative treatment effect.
Currently, symptomatic treatment of neuropathic pain achieves
a 50% pain reduction in 30–46% of patients [14–16]. In the present
study, eight patients (40%) achieved a comparable response. Furthermore, eleven patients (55%) experienced a clinically meaningful reduction of their spontaneous pain. If a ‘‘single-shot”
treatment achieved similar results to long-term, symptomdirected medication, the benefit for patients would be enormous.
We acknowledge limitations of this exploratory study, such as
the small sample size and the lack of a placebo control. Yet, without any prior estimate of the effect in patients, the risk-benefit
ratio of a large-scale trial seemed unfavorable. Furthermore,
follow-up time was short and no statement can be made about
long-term beneficial effects. It is note-worthy that high-dose
remifentanil requires standard anesthesia care for patients’ safety.
In summary, we provided evidence that a one-time, high-dose
treatment with remifentanil significantly reduced pain and hyperalgesia in a proportion of patients suffering from PHN. Our results
justify further investigating the effects in a large-scale trial.
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4. Discussion and conclusion
It has been shown recently that systemic, high-dose remifentanil reverses some forms of LTP at spinal C-fiber synapses as well
as mechanical hypersensitivity in rats [6]. Here, we demonstrated
that this treatment regimen might be translated to patients. A sin-

[1] Dansie EJ, Turk DC. Assessment of patients with chronic pain. Br J Anaesth
2013;111(1):19–25.
[2] Dworkin RH et al. Evidence-based clinical trial design for chronic pain
pharmacotherapy: a blueprint for ACTION. Pain 2011;152(3 Suppl):S107–15.
[3] Finnerup NB, Jensen TS. Mechanisms of disease: mechanism-based
classification of neuropathic pain-a critical analysis. Nat Clin Pract Neurol
2006;2(2):107–15.

Please cite this article in press as: Prosenz J et al. A brief, high-dose remifentanil infusion partially reverses neuropathic pain in a subgroup of post herpetic
neuralgia patients. J Clin Neurosci (2017), http://dx.doi.org/10.1016/j.jocn.2017.02.048

J. Prosenz et al. / Journal of Clinical Neuroscience xxx (2017) xxx–xxx
[4] Schulte E et al. Referral practices in patients suffering from non-malignant
chronic pain. Eur J Pain 2010;14(3). 308 e1–308 e10.
[5] Sandkuhler J. Models and mechanisms of hyperalgesia and allodynia. Physiol
Rev 2009;89(2):707–58.
[6] Drdla-Schutting R et al. Erasure of a spinal memory trace of pain by a brief,
high-dose opioid administration. Science 2012;335(6065):235–8.
[7] Cohen SP, Mao J. Neuropathic pain: mechanisms and their clinical
implications. BMJ 2014;348:f7656.
[8] Rowbotham MC, Fields HL. The relationship of pain, allodynia and thermal
sensation in post-herpetic neuralgia. Brain 1996;119(Pt 2):347–54.
[9] Gustorff B et al. Treatment of neuropathic pain with the capsaicin 8% patch:
Quantitative sensory testing (QST) in a prospective observational study
identifies potential predictors of response to capsaicin 8% patch treatment.
Scand J Pain 2013;4(3):138–45.
[10] Rolke R et al. Quantitative sensory testing in the German Research Network on
Neuropathic Pain (DFNS): standardized protocol and reference values. Pain
2006;123(3):231–43.

3

[11] Attal N, Bouhassira D. Pharmacotherapy of neuropathic pain: which drugs,
which treatment algorithms? Pain 2015;156(Suppl 1):S104–14.
[12] Elliott AM et al. The course of chronic pain in the community: results of a 4year follow-up study. Pain 2002;99(1–2):299–307.
[13] Glass PS, Gan TJ, Howell S. A review of the pharmacokinetics and
pharmacodynamics of remifentanil. Anesth Analg 1999;89(4 Suppl):S7–S14.
[14] Fan H et al. Efficacy and safety of gabapentin 1800 mg treatment for postherpetic neuralgia: a meta-analysis of randomized controlled trials. J Clin
Pharm Ther 2014;39(4):334–42.
[15] Hempenstall K et al. Analgesic therapy in postherpetic neuralgia: a
quantitative systematic review. PLoS Med 2005;2(7):e164.
[16] Mou J et al. Efficacy of Qutenza(R) (capsaicin) 8% patch for neuropathic pain: a
meta-analysis of the Qutenza clinical trials database. Pain 2013;154
(9):1632–9.

Please cite this article in press as: Prosenz J et al. A brief, high-dose remifentanil infusion partially reverses neuropathic pain in a subgroup of post herpetic
neuralgia patients. J Clin Neurosci (2017), http://dx.doi.org/10.1016/j.jocn.2017.02.048

