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The Effect of Opioid Dose and Treatment
Duration on the Perception of a Painful
Standardized Clinical Stimulus

Steven P. Cohen, M.D., Paul J. Christo, M.D., M.B.A,,
Shuxing Wang, M.D., Ph.D., Lucy Chen, M.D., Milan P. Stojanovic, M.D.,
Cynthia H. Shields, M.D., Chad Brummett, M.D., and Jianren Mao, M.D., Ph.D.

Background and Objectives: The concept of opioid-induced hyperalgesia has recently gained prominence as
a contributing factor for opioid tolerance and long-term treatment failure. But whereas the preclinical data for
this phenomenon are strong, the mixed clinical data derive primarily from experimental pain models conducted
in volunteers and heroin addicts, and nonstandardized clinical stimuli, e.g., surgery. The primary objective of
this study is to delineate the effect of opioid dose and treatment duration on pain intensity and unpleasantness
ratings following a standardized clinical pain stimulus.

Methods: Three hundred and fifty-five patients, on a steady regimen of analgesic medications and scheduled
for an interventional procedure, received a standardized subcutaneous injection of lidocaine prior to a full dose
of local anesthetic. Before and immediately following the injection, subjects were asked to rate pain and
unpleasantness intensity on a 0 to 10 numerical rating scale. Subjects were stratified into 6 groups based on
opioid dosage. A control group of 27 volunteers who had no pain and were taking no analgesics were also
injected.

Results: Both opioid dose and duration of treatment directly correlated with pain intensity and unpleasant-
ness scores. Baseline pain intensity was also positively associated with both outcome variables. Gender was
found to be associated with pain intensity and unpleasantness, with females scoring higher in both categories
than males. Compared with patients not receiving opioid treatment, patients receiving opioid therapy were
more likely to rate the standardized pain stimulus as being more unpleasant than painful.

Conclusions: The results of this study bolster preclinical and experimental pain models demonstrating
enhanced pain perception in subjects receiving opioid therapy. This simple clinical model may provide a useful

tool in examining opioid-induced hyperalgesia. Reg Anesth Pain Med 2008;33:199-206.
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irst described over 100 years ago,' the concept
Fof opioid-induced hyperalgesia (OIH) suffuses
nearly all aspects of pain management. Directly or
indirectly, one’s perspective on this phenomenon
affects the drugs we prescribe and the doses we feel
comfortable dispensing. Our position on this con-

troversial subject affects whether or not we pre-
scribe opioids to patients suffering with noncancer
pain, how we combat tolerance, and our likelihood
to stay the course (i.e., escalate dosing) in patients
who are already receiving opioid therapy. With re-
spect to opioid therapy, this topic is equivalent in
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stature to, and influences how we contend with,
other compelling issues such as addiction, depen-
dence, abuse, diversion, and side effect manage-
ment.

Opioids are the second most frequently pre-
scribed drug class for chronic pain, surpassed only
by nonsteroidal anti-inflammatory drugs.?2 Yet in
recent years, the pendulum on prescribing opioids
for chronic noncancer pain has swung back toward
restraint, driven partly over concerns regarding
OIH.> In animal studies, the evidence supporting
OIH is compelling, albeit mostly limited to rodents.?
In humans, the evidence is strong but conflicting.
Among former heroin addicts in methadone main-
tenance programs, pain tolerance appears to be a
more sensitive indicator of OIH than pain thresh-
old, and cold pain a more reliable measure than
electrical pain.5-?7 The ability to demonstrate a rela-
tionship between intraoperative opioid dose and
postoperative pain in surgical patients has been de-
cidedly mixed, with some but not all studies dem-
onstrating increased pain and analgesic use with
higher opioid doses.8® For clinical trials, whereas 1
study found regular opioid use to be independently
correlated with treatment failure in patients under-
going cervical facet denervation for chronic neck
pain,'° in another study by the same group evalu-
ating lumbar facet denervation, the association dis-
appeared after controlling for confounding vari-
ables such as prior surgery, and duration of
symptoms.!!

There are several limitations to the existing hu-
man data. First, most clinical studies involved either
short term opioid administration, or patients in-
volved in methadone maintenance programs. In
addition to p agonist properties, methadone also
acts as an antagonist at N-methyl-p-aspartate recep-
tors, which may attenuate nociceptor sensitiza-
tion.}? Second, most clinical studies used experi-
mental stimuli to assess OIH, which may not
simulate real life conditions. Finally, most studies
that have sought to quantify OIH based on real life
events used surgery, which can never be standard-
ized, as the pain stimulus. The majority of these
studies also started using narcotics in opioid-naive
patients at or just before surgical incision, which is
dramatically different from the context in which
most physicians encounter OIH. In clinical practice,
the most common scenario whereby OIH is en-
countered involves chronic pain patients who have
been maintained on opioids for months or even
years, presenting with worsening symptoms. In an
attempt to address some of these shortcomings, we
evaluated the effect of opioid dose and duration of
therapy on a standardized, clinical pain stimulus—
the subcutaneous administration of local anesthetic

(LA) before an interventional pain management
procedure.

Methods

Permission to conduct this study was granted by
the Internal Review Board at Johns Hopkins School
of Medicine and all patients who consented to the
procedures. The subjects were 355 patients sched-
uled for an interventional pain management proce-
dure at the Johns Hopkins Hospital, plus 27 volun-
teers, without pain or receiving analgesic therapy,
who underwent an identical standardized subcuta-
neous injection without a subsequent procedure.
The inclusion criteria for the 355 patients were any
acute or chronic pain condition amenable to a di-
agnostic/therapeutic nerve block or neuromodula-
tion, and a regular analgesic regimen. Aside from
control patients, all procedures were done as part of
standard clinical care. Exclusion criteria included
any change in opioid or other analgesic medications
less than 14 days prior to the scheduled procedure,
and an inability to understand English or ade-
quately respond to the relevant questions. In addi-
tion, no patient took any analgesic the day of their
procedure, or received any intravenous sedation or
opioid prior to the clinical stimulus.

Standardized Clinical Stimulus

Under either fluoroscopic guidance or anatomic
landmarks for nonfluoroscopically-guided proce-
dures, the needle entry point was marked on the
skin, and prepared and draped in an aseptic man-
ner. Subjects were then informed that they were
going to receive “a little numbing medication.” The
standardized subcutaneous LA injection was per-
formed by an unblinded pain management special-
ist using a 25-gauge needle and 1 mL of 1% lido-
caine to raise a small skin wheal. Before the
injection, subjects were asked to rate their pain
score using a 0 to 10 numeric pain rating scale.
Immediately after the injection, subjects were asked
the following 2 questions:

1. On a 0 to 10 pain scale, with 0 being no pain
and 10 being the worst pain you can imagine,
how would you rate the injection you just
received?

2. On a 0 to 10 unpleasantness scale, with 0
being not unpleasant and 10 being the most
unpleasant experience you can imagine, how
would you rate the injection you just
received?

All data were recorded by either the injecting
physician or an unblinded assistant. Following the
standardized LA injection, subjects were given as



Table 1. Equianalgesic Opioid Conversion Chart

Medication Equianalgesic Dose
Morphine 30 mg
Oxycodone 20 mg
Hydrocodone 30 mg
Hydromorphone 6 mg
Methadone 4mg
Meperidine 300 mg
Codeine 200 mg
Propoxyphene 200 mg
Oxymorphone 10mg
Transdermal fentanyi® (12.5 megh)
Oral transmucosal fentanyl 800 mcg

citrate”
Intrathecal morphine* 0.1mg

*All medications per os unless otherwise specified.

much LA as deemed necessary to complete the
scheduled procedure. In addition to patients who
received the standardized lidocaine injection, 27
volunteers who reported no pain conditions within
the past year and were using no analgesics received
the same injections in either their neck or low back.

Data Collection and Statistical Analysis

In addition to pain intensity and unpleasantness
scores, a number of other clinical and demographic
data were collected for analysis. These included age,
sex, procedure, location of pain, procedure location
(e.g., low back for lumbar epidural steroid injec-
tions or facet blocks), duration of pain, duration of
opioid therapy, opioid regimen, and preprocedure
numerical pain rating score. For those patients tak-
ing opioids, their regular dose was converted to oral
morphine equivalents according to standard ac-
cepted guidelines (Table 1).!3.14 The oral morphine
equivalent dose (MED) was then converted to a
number on an escalating 6-point scale predeter-
mined by a review of 100 medical records designed
to stratify “high” and “low” dose opioid therapy for
our pain clinic (Table 2).

Categorical data are reported both by number of
patients and percentage. Continuous data are re-
ported as mean and standard deviation (SD) unless

Table 2. Scaled Conversion of Daily Opioid Dose

Conversion
Oral Morphine Equivalents (mg/d) Number
Control patients with no pain and
taking no opioids 0
0 1
1-29 2
30-89 3
90-179 4
180-299 5
=300 6
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Table 3. Medications and Dosages Used by Study

Participants
Median Dose
Medication (Range)

Oxycodone (n = 118) 25 (2.5-300)
Hydrocodone (n = 35) 17 (5-70)
Morphine (n = 27) 110 (15-400)
Transdermal fentanyl

(n = 22) 75 meg/h (25-200)
Hydromorphone (n = 14) 12 (2-120)
Methadone (n = 13) 60 (5-300)
Codeine (n = 8) 53 (30-90)

Oral transmucosal fentany!
(n = 4)

Propoxyphene (n = 3)

Intrathecal morphine

1,200 meg (800-2400)
195 (195-195)

n=2) 10.3 (9.3-11.3)
Meperidine (n = 2) 50 (50-50)
Oxymorphone (n = 1) 40

NOTE. All doses in mg/day unless otherwise specified. Ap-
proximately twenty percent of subjects were taking more than 1
type of opioid.

otherwise indicated. Statistical analysis of the raw
data was performed using software SPSS (SPSS Inc.,
Chicago, IL). By designating one variant as a factor
and the other variants as dependents, 1-way anal-
ysis of variance was used to detect overall differ-
ences between means. When significant main ef-
fects were observed, post hoc Tukey HSD (Honestly
Significant Difference) or Dunnett ¢ tests were per-
formed to determine the source(s) of differences. This
analysis was repeated for each factor analyzed (e.g.,
age, sex, opioid dose, opioid treatment duration). Dif-
ferences were considered statistically significant at the
level of P < .05.

Results
Demographic Data and Opioid Dosage

A total of 382 patients participated in this study,
among which 27 subjects with no pain and no
opioid treatment served as a control group. The
mean age of patients on opioid therapy was 51
years (SD 16, range 19-89), which was slightly
younger than the age of patients not taking opioids
(mean 53 years, SD 17, range 16-89, P = .003).

The daily MED ranged from 7.5 mg to over 3,000
mg among the subjects on opioid therapy (Table 3).
There were no differences in the average daily MED
or duration of pain between male and female sub-
jects. Subjects enrolled in this study underwent a
wide variety of interventional procedures including
interlaminar epidural steroid injection (n = 96),
transforaminal epidural steroid injection (n = 63),
facet block (n = 52), sacroiliac joint injection (n =
32), discography/intradiscal procedures (n = 13),
sympathetic block (e.g., celiac plexus, lumbar sym-
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pathetic, ganglion impar, superior hypogastric
plexus; n = 46), greater trochanteric bursa injection
(n = 17), shoulder block (n = 2), spinal cord stim-
ulator, or intrathecal pump implantation (n = 4),
intercostal nerve block (n = 2), trigger point injec-
tion (n = 7), and others (n = 16).

Baseline Differences Between Groups

Subjects using intermediate or high doses of opi-
oids (= 30 MED) were found to have higher pre-
injection pain scores than patients using no opioids
(P = .0001). Between patients on low-dose (< 30
MED) and intermediate or high doses of opioids, a
trend toward statistical significance was noted for
those in the latter group to have higher baseline
pain scores (P = .24). However, the duration of
symptoms in subjects using =30 MED was not sta-
tistically different than other groups (P = .13). Ex-
cluding control subjects, neither the location of pain
nor the injection location differed between treat-
ment groups (Table 4; P > .05).

Pain Intensity and Unpleasantness Based on
Procedure

When only patients receiving opioids were con-
sidered, neither the type (P = .194 for both pain
and unpleasantness), nor the location (P = .076 for
pain and P = .233 for unpleasantness) of injection
was associated with any outcome variable. How-
ever, when data from all study subjects were ana-
lyzed, differences in pain and unpleasantness scores
were noted for both type (P = .007 and P =.035 for
pain and unpleasantness scores, respectively), and
location (P = .024 and P = .134 for pain and
unpleasantness scores, respectively). With regard to
location, injections performed in the thorax region
(mean 6.2, SD 3.3) were more likely to be perceived
as painful or unpleasant than those in the pelvis
(mean 2.6, SD 2.3). With respect to type of injec-
tion, in descending order, the 3 highest pain scores
were noted for trigger point injections (mean 7.3,
SD 3.1), “others” (e.g., extremity peripheral nerve
blocks; mean 5.5, SD 3.2), and epidural steroid
injections (mean 4.9, SD 2.8).

Pain Intensity and Unpleasantness Based on
Opioid Dose

Overall differences in pain intensity (F = 4.22, P =
.0001) and unpleasantness (F = 4.54, P = .0001)
scores in response to standardized injections were
noted between subjects receiving opioid therapy
and those not taking opioids. Both mean postinjec-
tion pain intensity and unpleasantness scores (P <
.001) were significantly higher in opioid therapy

patients than in patients treated exclusively with
nonopioid analgesics, or in control subjects. These
differences were independent of the type of proce-
dure, location of procedure, pain duration, pain
location, and gender (each P > .05).

When opioid use was categorized by dose (Figs 1
and 2), both pain intensity and unpleasantness
scores were significantly higher in subjects receiv-
ing daily MEDs of 90 mg-179 mg (group 4; n = 27),
180 mg-299 mg (group 5; n = 28), or more than
300 mg (group 6; n = 30), compared with subjects
receiving low dose opioids (<90 MED; n = 123), no
opioid treatment (group 1; n = 147), or control
subjects (n = 27) (P < .001). Similarly, the duration
of opioid treatment was positively correlated with
both pain and unpleasantness scores (P = .001;
Table 5, Figs 3 and 4). When gender was treated as
an independent variable, significant differences in
both pain intensity (F = 5.56, P = .019) and pain
unpleasantness (F = 6.33, P = .012) were noted.
Specifically, females responded to LA injection with
higher pain and unpleasantness scores than male
subjects irrespective of opioid dose.

Preinjection pain scores were found to be associ-
ated with both outcome measures, such that pa-
tients with higher baseline pain were more likely to
rate the subcutaneous LA injection as being more
painful and unpleasant (P = .001). When control
patients were excluded from analysis, the duration
of pain had no significant impact on pain or un-
pleasantness ratings (Table 5).

A significant difference was noted in the ratio of
pain intensity:unpleasantness scores between pa-
tients receiving opioid therapy and those treated
solely with nonopioid analgesics. The 147 patients
not taking opioids reported slightly higher pain in-
tensity scores than unpleasantness scores (ratio
1.05), which is in contrast with the ratio of 0.95
found in the 208 subjects who were receiving opi-
oids (P = .033).

Discussion

This is a simple prospective study with 1 defined
objective: to examine the influence of opioid dose
and duration of therapy on pain intensity and
unpleasantness in response to a standardized sub-
cutaneous injection before an interventional pain
management procedure. The overall analysis
demonstrated that both pain intensity and un-
pleasantness scores were significantly higher in
subjects receiving opioid therapy compared with
those patients using nonopioid pharmacotherapy.

Although the design of this study is straightfor-
ward, the data interpretation requires further anal-
ysis. A number of issues could potentially influence
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Fig 1. Standardized injection pain scores as a function of
opioid dose. Doses are given in daily oral morphine
equivalents: 0, control patients with no pain and taking
no opioids; 1, no opioids; 2, 1 mg to 29 mg; 3, 30 mg to
89 mg; 4, 90 mg to 179 mg; 5, 180 mg to 299 mg; 6, =300
mg. Error bars indicate standard deviation. * P < .05 com-
pared with group 0. **P = .027 compared with group 0.

the response to LA injection. For instance, the in-
tensity and/or duration of a subject’s pre-existing
pain might conceivably affect their perception of
the standardized LA injection. These factors can
influence pain processing, and hence pain and un-
pleasantness scores, by fermenting the complex
phenomena of peripheral and central sensitization,
which in turn affects the 4 main components of
pain experience: transduction, transmission, mod-
ulation, and perception.!s!1¢ Similar confounding
factors could be related to the site of injection and
the type of interventional procedure the patient
received. As borne out by our own and other ob-
servations,'? gender differences can account for dif-
ferences in pain perception. Yet each of these po-
tential confounding factors were analyzed, and
except for gender and baseline pain scores, there
were no clear associations between any of these
factors and pain intensity and unpleasantness
scores.

A direct correlation was observed between opioid
treatment and pain intensity and unpleasantness
scores after LA injection. Moreover, a high opioid
dose (designated as =90 mg MED) was found by
multivariate analysis to be an independent predic-
tor of painful response to LA injection. Of note, pain
rating was conducted immediately after the injec-
tion, indicating that reported pain intensity and
unpleasantness scores reflected the response to
stimulation, rather than an attenuated effect of the
LA. Distinctions were not made in this study be-
tween long- and short-acting opioids, nor was the
time of day of the procedure recorded. It is there-
fore possible that patients taking solely short-acting

opioids (mostly group 2; 1-29 MED) who had pro-
cedures done later in the day experienced more
pain than those taking the bulk of their opioids in
long-acting preparations due to a hypersensitive
“withdrawal-like” state. However, our data do not
support the hypothesis that differences in pain and
unpleasantness scores stemmed from subliminal
opioid withdrawal because baseline pain scores
were not statistically different between subjects us-
ing opioids. Collectively, these data suggest opioid
treatment to be an important contributing factor to
the perception of pain accompanying a clinical
stimulus.

An interesting observation was that unpleasant-
ness scores tended to be higher than pain scores in
patients taking =30 MED per day of opioids. One
possible explanation for this unexpected finding is
that the phenomenon of OIH may exert a greater
effect on pain processing (e.g., cognitive and emo-
tional components), and modulation pathways,
than it does on nociceptive transduction and trans-
mission. A second plausible reason is that unpleas-
antness scores may be more reliable indicators of
pain tolerance, whereas pain scores better reflect
nociceptive threshold. As alluded to earlier, the
former has been shown in experimental studies to
be a more reliable measure of OIH than the latter.s”

One important caveat regarding our data inter-
pretation is that psychological factors such as de-
pression and anxiety were not independently con-
sidered in this study. Other factors, not controlled
for, that might potentially influence pain experi-

-
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Fig 2. Standardized injection unpleasantness scores as a
function of opioid dose. Doses are given in daily oral
morphine equivalents: 0, control patients with no pain
and taking no opioids; 1, no opioids; 2, 1 mg to 29 mg; 3,
30 mg to 89 mg; 4, 90 mg to 179 mg; 5, 180 mg to 299
mg; 6, =300 mg. Error bars indicate standard deviation.
*P < ,05 compared with group 0.
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Table 5. Pain and Unpleasantness Scores as a Function of Clinical and Treatment Variables

Standardized Injection Pain Score, Mean

Standardized Injection Unpleasantness
Score, Mean (SD)

Duration of pain

One-way ANOVA P = .018

One-way ANOVA P = .319

(control group included as <1 year) Tukey HSD  Dunnett f test Tukey HSD  Dunnett f test
<1 year 4.0(3.0) Control P= 569 4.3(3.2) Control P= .629
1-5 years 50(28) P= .019 P= .144 49(32) P= .288 P= 761
>5 years 44(28) P= 65 Control 47(31) P= .704 Control
Duration of pain One-way ANOVA P = 213 One-way ANOVA P = .83
(control group excluded) Tukey HSD  Dunnett t test Tukey HSD  Dunnett ¢ test
<1 year 4.6 (3.2) Control P=.796 4.9 (3.4) Control P = .883
1-5 years 5.0 (2.8) P = .682 P=.151 49(3.2) P=.999 P=.774
>5 years 44(28) P=.840 Control 4.7(3.1) P=.910 Control
Duration of opioid use One-way ANOVA P = .001 One-way ANOVA P = .001
Tukey HSD  Dunnett t test Tukey HSD  Dunnett ¢ test
None 4.0(2.7) Control P <.001 4.0(2.9) Control P < .001
<1 year 4.7 (2.9) P=.195 P=.147 5.0(3.1) P=.021 P=.293
=1 year 5.4(3.0) P=.001 Control 5.6(3.3) P =.001 Control
Baseline pain score One-way ANOVA P = .001 One-way ANOVA P = .001
(0-10) Tukey HSD  Dunnett { test Tukey HSD  Dunnett f test
0 2.6(2.0) Control P=.001 3.0(2.2) Control P = .001
1-5 42(28) P=.021 P =.004 4.4 (3.1) P=.075 P = .044
6-10 5.1(29) P=.001 Control 52(32) P=.001 Control

NOTE. P values listed in the columns are the results of 1-way ANOVA with post-hoc Tukey HSD (Honestly Significant Difference) and

Dunnett t tests.

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.

Control group value is the reference for statistical comparison.

ence include prior injections, distractions (e.g., the
lumbar spine patients were able to look at the flu-
oroscopy machine during prone procedures, which
was not the case during computed tomography-
guided or cervical procedures), patient expecta-
tions, the timing of the procedure (i.e., procedures
done in the afternoon might be associated with
higher scores than those done in the morning),
variations in the speed and placement of the injec-
tion, and the use of adjuvant and other nonopioid
analgesics. In addition, not blinding the investiga-
tors could have inadvertently biased our results by
subtly influencing patient perception or even the

-
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Standardized Injection
Pain Score (Mean)

21 year
Duration of Opioid Use

None <1 year

Fig 3. Standardized pain scores as a function of duration
of opioid use. Error bars indicate standard deviation. *P <
.001 compared with “none.”

procedure itself. In future studies, attempts should
be made to control for, and standardize, these vari-
ables, and enhance objectivity by blinding the in-
vestigators.

One relationship not analyzed in this study was
the effect drug type had on outcome measures. We
elected not to examine this variable because doing
so might result in misleading findings. First, a sig-
nificant percentage of patients were taking more
than 1 type of opioid medication, and many were
taking several. Second, the results of such an anal-

Standardized Injection
Unpleasantness Score (Mean)

None <1 year 21 year

Duration of Opioid Use

Fig 4. Standardized unpleasantness scores as a function
of opioid dose. Error bars indicate standard deviation. *P
= .02 compared with “none.” **P < ,001 compared with
“none.”






