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Background: Opioid induced hyperalgesia (OIH) describes a state of altered pain sensation due to opioid exposure. It often occurs
among persons with opioid use disorder receiving substitution therapy.

Methods: The purpose of this study was to find out, whether OIH diagnosis could be facilitated by an objective pain indicating
marker: the Nociceptive Flexion Reflex (NFR). Forty persons with opioid use disorder, 20 of them maintained on methadone and 20
treated with buprenorphine, as well as a control group of 20 opioid-free subjects, were examined. It was aimed to find out whether and
in which way these opioid agonists alter reflex threshold (NFR-T). A cold-pressor test was performed to investigate the prevalence of
OIH. Furthermore, electrical stimulation and electromyography analyzation were used for NFR-T measurement. Subjective pain
ratings were evaluated with a numeric rating scale.

Results: Significantly increased sensitivity to cold pressor pain was found in both maintenance groups when compared to their opioid-free
counterparts (p < 0.001). Neither methadone nor buprenorphine showed any effect on NFR-T. This might be explained by the reflex
approaching at the wrong location in the central nervous system. Consequently, NFR-T is not a suitable marker for diagnosing OIH.
Conclusion: Although methadone and buprenorphine have been proven to cause OIH, no effect on NFR-T was observed.
A statistically significant effect could have been observed with a larger number of participants. Further research, with special focus
on patients’ adjuvant medication, should be conducted in the future, to facilitate diagnosis of OIH and provide appropriate pain
management for maintenance patients.
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Introduction

Despite being detected as an issue already decades ago, the phenomenon of opioid-induced hyperalgesia (OIH) remains
a paradoxical occurrence, constituting a present problem in clinical everyday life. OIH names a state in which pain perception
is altered because of opioid exposure.! However, the precise mechanism underlying the origin of OIH is not completely
understood. Multiple studies have shown that the neurobiological system that responds to opioids appears to increase pain
sensitisation instead of providing analgesia.” Angst and Clark described the process as neurobiologically multifactorial, meaning
that liable changes are complex and concern the peripheral as well as the central nervous system.> A multitude of studies proposes
the central glutamatergic system and relating thereto the excitatory neurotransmitter N-methyl-D-aspartate (NMDA) to be
involved in the development of OIH. Spinal dynorphins and descending facilitation also seem to be of great relevance in the
genesis of the mentioned disease state.* OIH is assumed to occur especially when the dosage is withdrawn or during maintenance
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Since opioid substitution therapy is the preferred treatment for persons with opioid use disorder according to international
guidelines by the World Health Organisation, there is a large number of patients requiring this kind of treatment.” In 2018, the
European Monitoring Centre for Drugs and Drug addiction estimated that half of the 1.3 million high-risk opioid users in the
European Union received opioid-substitution therapy.® Pain is considered to be one of the most relevant comorbidities of
opioid addiction.” Voon et al ascertained that 40.9% of 823 inspected methadone maintained patients suffer from moderate and
11.1% from extreme pain.® Still, diagnosis and treatment of pain syndromes often occur belated or not at all, partly because the
demand for pain relief is often interpreted as drug seeking behaviour.”

Diagnosing hyperalgesia might be facilitated by resorting to objective pain-indicating parameters such as the Nociceptive
Flexion Reflex (NFR), also known as withdrawal or R3 reflex. NFR is a polysynaptic, multisegmental spinal reflex. It provides
withdrawal movement in the ipsilateral limb to prevent possible damage when painful stimuli are detected.'®'" The reflex is
classified as an objective and reliable parameter for evaluating pain in humans.'*'? According to the guidelines of the European
Federation of Neurological Societies, NFR is the nociceptive reflex that is most widely used. It is recommended as reliable for
assessing the efficacy of different kinds of treatment, like, for instance, hypnosis, neurostimulation procedures or medication with
opiates or NSAIDs.'* Several studies have demonstrated the impact of different drug groups on the NFR." It has been proven
that opioids affect NFR at both spinal and supraspinal levels and significantly influence its threshold (NFR-T).!"-'¢-'7

This study involved methadone and buprenorphine, two opioid agonists commonly prescribed as maintenance
treatments. Both are considered effective treatments for opioid addiction and pain as well as for detoxification.'® !
The purpose of this study was to determine whether and in which way opioids prescribed as substitution therapy

change NFR-T. It was also aimed to find out if the reflex threshold is a suitable marker for the diagnosis of OIH.

Materials and Methods

This study was conducted in accordance with the current Declaration of Helsinki, and approval was obtained from the
Ethics Committee of the University of Regensburg (approval number: 21-2200-101). Data containing results of the
NFR-T assessment and cold pressor test (CPT) were collected from three groups. Persons with opioid use disorder
maintained on methadone (MM) were compared with those treated with buprenorphine (BM). Additionally, results of
both opioid-maintained groups were set against those of the opioid-free control group (CG). Parameters of interest were
NFR-T, measured with the Paintracker, as well as pain tolerance and latency of pain onset, measured using the CPT.
Furthermore, the potential correlation between NFR-T and pain tolerance was investigated. Subjective pain sensation

associated with both assessments was also considered relevant.

Subjects

The study population consisted of 40 adult patients receiving substitution treatment (20 MM and 20 BM) as well as an
opioid-free control group of 20 participants selected to match for age and sex, variables known to affect the outcome of
the CPT.** All participants in the BM and MM groups were already participating in an opioid substitution program prior
to the study. Substitution treatment took place at the medical offices under observation of the attending physician. The
session supervisor was aware of the participant study group during the examination.

Inclusion criteria concerning all groups contained avoiding excessive physical activity for four hours prior to testing.
Participating persons with opioid use disorder had to receive stabilised treatment with a steady dosage over the last 28
days. The exclusion criterion in the control group was current opioid intake, which was determined by self-report prior to
the examination and not verified by urine drug screens.

The MM group was treated with methadone hydrochloride in the form of oral Methaddict tablets. The BM cohort
consisted of patients maintained on Buprenaddict, Subutex and Suboxone sublingual tablets, the effects of which were
generated by buprenorphine hydrochloride. One subject received a weekly subcutaneous injection of Buvedin, which is
also based on buprenorphine hydrochloride. The dosage was adapted using the conversion table of the European
Medicines Agency (EMA) to make it comparable to orally administered buprenorphine.”® Apart from this exception,
all subjects received daily maintenance treatment, with doses varying from patient to patient.
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The procedure and its side effects were explained to each individual, and written informed consent was obtained. All
participants were instructed that they would be free to withdraw at any time. After the study visit, each participant
received a 25€ voucher for compensation.

Patients receiving substitution therapy were recruited via posters in a local treatment centre in Regensburg, Germany,
and via information sheets issued by medical staff on site. At a general practitioner’s office in Regensburg and two
medical practices in Munich, Germany, subjects were recruited personally while waiting for their medication. An opioid-
free control group was invited to participate with posters at the University of Regensburg and University Hospital
Regensburg as well as via word of mouth.

Experimental Procedure

Every subject attended a single session, which included NFR-T measurement, consisting of electrical stimulation
combined with recording of electromyography (EMG), and afterwards the CPT. All sessions were supervised by the
same individual and took place in calm examination rooms.

Paintracker

To measure NFR-T, a stimulation-recording unit for nociceptive reflexes, called Paintracker (Dolosys, Berlin, Germany;
software version: 1.2.402), was used. The device provided electrical stimulation and electromyography (EMG) recordings.
Each participant was examined in supine position with right leg barring. For ideally relaxed leg muscles, back support was
heightened by 135° from horizontal level, and a pillow was placed under the knee joint to provide flexion of 45°. The
standardised method of measuring NFR includes transcutaneous electrical stimulation of the sural nerve in the retromalleolar
space and recording the signal on the skin covering the short head of the ipsilateral biceps femoris muscle.'® The skin of the
subjects was prepared prior to measurement to lower the impedance between the skin and the electrode. First, grease residues
were wiped off using alcoholic disinfectant; then, a skin peeling gel (Nuprep Skin Prep Gel) was applied, followed by prep
tape (3M™ Red Dot™ Trace Prep) to abrade skin to improve trace quality. Cutaneous electrodes (44 x 22 mm, Ambu,
BlueSensor N) were placed on degreased skin overlying the right sural nerve. Each pair of surface electrodes was attached in
parallel, without spacing. A reference electrode was located on the ipsilateral knee.

As basic setting of the Paintracker 1 mA increments were set, starting with a stimulation intensity of 1| mA. As soon as the
NFR was detected, the intensity was reduced in steps of 1 mA. If no reflex was detectable at this intensity, the level was raised
by 1 mA, making this approach an up-down staircase method. The current was reduced to 0.5 mA after three successive
increases or decreases. Trains of five pulses of 1 ms duration each were delivered by an electrical stimulator at a frequency of
200 Hz, the time interval between two stimuli was randomised. All participants rated their subjective pain perception after
every stimulus, categorising it using the Numeric Rating Scale (NRS), an 11-point scale that classifies the sensation from 0 (no
pain) to 10 (worst pain imaginable). After detecting the first NFR, all subjects received nine additional stimuli. The final
threshold was calculated as the average value of ten authentic measurements. For each valid reflex, the amplitude was
quantified using EMG. Settings adjusted in Paintracker for EMG amplification were reviewed by Dincklage et al ** The EMG
recorded 90—180ms post-stimulus was interpreted as reflex amplitude. This time frame was chosen to prevent contamination
of the NFR response, which might have occurred because of the RII reflex or spontaneous movements.''*> The NFR Interval
Peak z-score was suggested as a reliable criterion for defining NFR threshold; therefore, peak biceps femoris EMG activity
was evaluated using the Paintracker.?® France et al defined this standardised peak criterion as the baseline mean subtracted
from the NFR interval peak response divided by the standard deviation of the baseline.?” The cut-off value for the interval peak
z-score, above which a reflex was rated as authentic, was set at 6.085.

Cold Pressor Test
A modified CPT was used to determine whether participants suffered from hyperalgesia. This method was established for
analgesic evaluation by Wolff et al and is considered the most commonly used pain test for ascertaining OIH in human
studies.”**** As age and sex are relevant parameters for CPT, the control group was matched for these features.

For this assessment, a round container (diameter, 25 cm; depth, 11 cm) was filled with ice cubes and cold water. It
was shown that temperature fluctuations of 2°C already have an impact on pain tolerance and intensity; therefore, water
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temperature was maintained at 1.6°C (+0.6°C), measured with a digital probe thermometer.’® Subjects were asked to
immerse their non-dominant hand in a cold-water tank with fingers spread until the ice cubes covered the back of their
hand. Prior to the test, they were instructed to verbally indicate the exact moment when the cold sensation began to elicit
pain and to remove their hands from the CPT bath at the point of intolerable pain. The time from hand immersion to the
first detection of pain was defined as “latency of pain onset”. The period between submerging and withdrawing the hand
is described as “pain tolerance”. Both time intervals were measured in seconds. OIH can be detected by reduced pain
tolerance.”’

The test was terminated after 180 s for safety reasons. For subjects who did not withdraw their hands within this time
period, a pain tolerance of 180 s was recorded. If no pain was felt during this time frame, a latency of pain onset of 180
s was noted as well. After hand withdrawal, participants rated their pain level using an 11-point NRS, as described
previously.

Data Analysis and Statistics

A Kruskal-Wallis-Test was performed to compare all results between the BM, MM, and CG subgroups, clarifying
whether they differed significantly from each other. Pairwise comparisons were conducted for the features that showed
significant differences.

Results

MM included 13 males and seven female participants with a mean age of 41.5 years (range 27-62 years) and a daily
methadone dosage of 100.75 mg (range 50—-160 mg). The BM consisted of 12 males and eight females with a mean age
of 41.7 years (range 28-51 years), receiving a mean buprenorphine dose of 13.1 mg per day (range 0.3 to 28 mg). The
control group comprised 12 males and eight female participators aged averagely 42.4 years (range 27-57 years). As
shown in Table 1, no significant differences in sex or age were found between subgroups. Therefore, it can be concluded
that the groups successfully matched these features.

Two participants were excluded from this study. In one case, evaluation was not possible because the impedance of
the EMG electrodes could not be reduced to a level measurable by the Paintracker. Another patient received a dose
increase two weeks prior to the examination and therefore did not fulfil the required inclusion criteria. Data collection
was successful for 60 subjects (96,7%).

Means of the captured data from the NFR assessment and CPT were compared between all groups and are presented
in Table 1 together with the related p-values.

As summarised in Table 1, significant differences were evident in pain tolerance and latency of pain onset. Pairwise
comparisons of these values suggest significant differences between the maintenance groups and CG. Comparing them to
their opioid-free counterparts resulted in significantly shorter pain tolerance in patients treated with buprenorphine (p =

Table | Means of the NFR-T Assessment and the CPT with
Related p-values; Comparison of BM, MM and CG; Significant
Values (P < 0.05) are Given in Bold

BM MM CG P
Sex 0.815
Age 0.788
NFR-T 835 mA | 56 mA | 595 mA | 0.136
Subjective pain (NFR) | 2.65 1.65 1.75 0.216
Pain tolerance 81.8s 418s 12825s | <0.001
Latency of pain onset | 21.94 s 205 s 556 s 0.003
Subjective pain (CPT) | 5.65 6.8 5.65 0.380
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0.023) and those receiving methadone (p < 0.001). Latency of pain onset was also significantly lower in the BM (p =
0.006) and MM (p = 0.002) than in the CG.

No significant differences in pain tolerance (p = 0.122) or latency of pain onset (p = 0.794) were found when both
maintenance groups were compared to each other.

For better visualisation, the results for latency of pain onset (Figure S1), pain tolerance (Figure S2) and subjective
pain in CPT (Figure S3) are shown in box plots.

Discussion

Lowered Pain Tolerance in the CPT as Sign for Hyperalgesia
The outcome of CPT shows that opioids prescribed as maintenance treatment have an impact on pain tolerance, in the sense of
increased sensitivity and quicker hand withdrawal when compared to non-opioid users. It can be concluded that patients
undergoing substitution therapy are markedly hyperalgesic to cold pressor pain, suggesting that they suffer from OIH.

This assumption is consistent with results of previous studies.”® Other investigators also compared opioid-maintained
individuals with their opioid-free counterparts and reported significantly shorter times of pain tolerance measured by CPT

in methadone-maintained individuals,**>’ 34,38

as well as in subjects treated with buprenorphine.

In the current study, the clinical utility of CPT, particularly its pain tolerance parameter, was evaluated for the
diagnosis of OIH.

In addition, opioid intake seemed to influence the latency of pain onset, which was significantly shorter in both
maintenance groups than in the control group. Although Doverty et al found a significantly shorter latency of pain onset in
methadone-treated patients than in opioid-free controls,*® the study situation remains inconsistent, and latency of pain onset
should not be counted as a relevant marker in diagnosing OIH. It is difficult to identify the exact beginning of pain perception
during a constantly increasing sensation, which makes the parameter hard to capture. The assessment was not painful for some

participants. For those, a latency of pain onset of 180 s was noted, which diminished the reliability of the parameter.

Clinical Utility of the NFR-T for Diagnosing OIH

The present study examined whether the data collected from the NFR-T assessment might indicate heightened pain
sensation in opioid-maintained individuals. Unfortunately, no correlation between a shorter duration of pain tolerance and
decreased NFR-T was found, since the latter, measured in both maintenance groups, did not significantly differ from
opioid-free controls. Therefore, NFR-T may not be a suitable marker for OIH diagnosis.

One possible reason might be that NFR is a spinal reflex, while the exact origin of OIH has not yet been completely
investigated, as mentioned previously.'’

According to Sandrini et al, NFR in humans is entirely mediated by spinal structures.>® On the other hand, OIH is assumed
to originate in higher centres of the central nervous system than the spinal cord, with a special focus on the midbrain
periaqueductal gray and rostral ventromedial medulla. The descending analgesic systems of these supraspinal structures are
also considered relevant.'** More precisely, long-term opioid administration is believed to lead to postsynaptic adaptions in
the periaqueductal gray and other brain regions, which may induce neuroadaptations within the rostroventral medial
medulla.*'** Tonic activation of the facilitation of descending pain in this structure may lead to hyperalgesia.'-*>**

Although the NFR is modulated by supraspinal structures and descending systems, the origin of OIH may not be
represented by a deviating threshold.****™® Further investigation concerning a reflex generator of supraspinal derivation
as a possible marker for OIH is required in the future.

What implied NFR-T assessment as considerable method for investigating OIH is that decreased NFR-T correlated
with hyperexcitability of the central nervous system in patients with chronic pain.*’ Furthermore, multiple studies have

reported a decreased threshold in patients with secondary hyperalgesia.*®*’

Subjective Pain Perception
The fact that subjective pain perception does not seem to be affected by long-term opioid intake may be elucidated by
several theories.
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During the NFR-T measurement, there was no significant difference in pain sensation between the MM and BM
groups and the control group. One explanation might be the correlation between NFR-T and the threshold of sensation as
well as between the amplitude of each reflex and the amount of pain experienced by the individual.'*3%-30-3
Consequently, the absence of differences in subjective pain perception during the NFR-T assessment might be due to
the lack of differences between reflex thresholds.

Furthermore, studies have shown that altered pain sensations due to OIH do not affect all types of pain in the same
manner. Several studies have shown that pain sensations caused by electrical or mechanical stimulation do not vary
between maintenance patients and those without opioid exposure.>>33-36->4

In contrast, the experimental data implied that hot, cold, and cold pressure perceptions became hypersensitive during
opioid treatment.*->7>7 However, in this study, no significant difference was observed in subjective pain perception

after CPT between the BM and MM groups as well as their opioid-free counterparts.

Comparison of Methadone and Buprenorphine
Studies on OIH have reported that this phenomenon generally occurs with opioid exposure. However, little research has
been conducted to investigate potential differences in the degree of OIH following treatment with various opioid classes.

It was attempted to determine whether varying receptor behaviour might have an impact on the expression of
hyperalgesia.

Methadone hydrochloride is a long-acting p-opioid receptor agonist that also exhibits weak N-methyl-d-aspartate
(NMDA)-receptor antagonism.”'*>® Several studies have proposed that the central glutamatergic system and relating
thereto, the excitatory neurotransmitter NMDA, is involved in the development of OIH.**° Buprenorphine hydrochloride
is a partial agonist of the p-opioid receptor and shows weak k-receptor antagonism but does not affect NMDA
receptors.”® K-Opioid receptor agonists are also considered to play a role in the development of OIH.? Studies have
demonstrated hyperalgesic responses after intrathecal injection of k-agonists in animals.®™°" In contrast, buprenorphine is
an antagonist at this receptor site.

It is believed that the p-opioid receptor system plays an essential role in the development of OIH and that different p-
opioid receptor agonists such as methadone and buprenorphine can cause this phenomenon.® Li et al supported this
statement by publishing an animal experiment in which no OIH development was observed in mice expressing fewer pi-
opioid receptors than wild-type mice.®?

In the current study, no differences in any results great enough to be detected were found between the group
maintained on methadone and the subjects treated with buprenorphine.

The results of this study suggest p-receptor agonism as decisive process leading to OIH. Different individual intrinsic
activities of opioid receptors, as well as binding effects, such as receptor phosphorylation or G-protein activation, which

are often suggested to influence pain sensation in different ways, might play a subordinate role.**¢*%*

Limitations

This study has several limitations. Pain is a subjective construct that is influenced by many biological, psychological, and
social factors.®® Several studies have shown that the NFR-T is also subject to biopsychosocial influences.****"%° It was
not possible to establish all relevant influences as inclusion criteria for this study.

Another limiting factor is that the participants were recruited from different treatment centres, resulting in various
regulations on co-consumption. The drug test results of participants were not considered in this study. Treatment-seeking
persons with opioid use disorder are prone to relapse.”” > Some participants were likely to be influenced by other
substance classes or additional opioids. Owing to different handling at treatment sites, the proportion of co-users and
choice of substances may vary between the groups.

Possible substance use by the CG was also not monitored. The CG being opioid-free was determined by self-report.
To keep the study as simple as possible, adjuvant medication was not queried in any of the groups. These facts reduce the
significance of the study because, as already mentioned in the introduction, the NFR-T appears to be influenced by

. 15,74
various substances.'>’
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Our study was designed as a pilot study. The group size of 20 participants per group was selected based on the practical
feasibility of patients or subjects. Due to the small group size, it is possible that effects may have been overlooked, or
a statistically significant effect could have been observed with a larger number of participants. Our study may serve as
a foundation for future research to conduct a power analysis for determining an appropriate sample size. Concurrent drug use
had a major impact on the data collected during this study. Compton et al performed CPT in methadone-maintained individuals
and proposed a significantly longer duration of pain tolerance in subjects under concurrent cocaine influence than in those
without recent cocaine use.”” Another study even reported a significant difference in pain tolerance between consumption-free
groups maintained on methadone and those treated with buprenorphine.®*

In conclusion, the lack of difference in the pain threshold between the MM and BM groups may be questionable
because co-use was not monitored. Compton et al also formulated this hypothesis.**

Opioid dosages and time intervals between drug intake and measurement may also be considered relevant. Investigators
found a correlation between higher methadone doses and shorter periods of pain tolerance but were not able to find a difference in
pain tolerance when the period between methadone intake and measurement varied.”” In contrast, another study found different
pain sensitivities when the assessment was performed at trough and peak plasma concentrations of maintenance drugs.*®

In this study, doses were not included in the evaluation. Most individuals participated in the assessment immediately
after the ingestion of their substitution treatment. However, there was no standardised setting for the exact time gap.

Finally, one limitation worth considering is that being more sensitive to pain may predispose individuals to develop opioid
dependence.*” Therefore, a comparison with healthy volunteers might reveal differences even in the absence of opioid use.

Conclusion

Based on the present evidence, patients undergoing maintenance therapy show increased sensitivity to cold pressor pain
regardless of the intrinsic activity of the opioid agonist they are treated with. In this context, CPT has proven to be a useful tool
for investigating OIH.

The aim of this study was to determine whether diagnosing OIH could be facilitated by NFR-T, an objective and
uninfluenceable marker for pain. Although methadone and buprenorphine have been proven to cause hyperalgesia, no
effect on the reflex threshold was observed. NFR-T might not approach the exact location in the central nervous system
where OIH originates and is therefore not helpful in its evaluation.

Owing to the high prevalence of opioid dependence already mentioned, the importance of OIH should not be
underestimated. Further research should be conducted in the future to facilitate diagnosis and provide appropriate pain
management for maintenance patients.
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