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Background: Refining and individualizing treatment of acute pain in the emergency department
(ED) is a high priority, given that painful complaints are the most common reasons for ED visits.
Few tools exist to objectively measure pain perception in the ED setting. We speculated that
variation in perception of fixed painful stimuli would explain individual variation in reported
pain and response to treatment among ED patients.

Materials and methods: In three studies, we 1) describe performance characteristics of
brief quantitative sensory testing (QST) in 50 healthy volunteers, 2) test effects of 10 mg
oxycodone versus placebo on QST measures in 18 healthy volunteers, and 3) measure interin-
dividual differences in nociception and treatment responses in 198 ED patients with a painful
complaint during ED treatment. QST measures adapted for use in the ED included pressure
sensation threshold, pressure pain threshold (PPT), pressure pain response (PPR), and cold
pain tolerance (CPT) tests.

Results: First, all QST measures had high inter-rater reliability and test—retest reproducibility.
Second, 10 mg oxycodone reduced PPR, increased PPT, and prolonged CPT. Third, baseline
PPT and PPR revealed hyperalgesia in 31 (16%) ED subjects relative to healthy volunteers.
In 173 (88%) ED subjects who completed repeat testing 30 minutes after pain treatment, PPT
increased and PPR decreased (Cohen’s d, 0.10-0.19). Verbal pain scores (0-10) for the ED
complaint decreased by 2.2 (95% confidence intervals [CI]: 1.9, 2.6) (Cohen’s d_0.97) but did
not covary with the changes in PPT and PPR (r=0.05-0.13). Treatment effects were greatest
in ED subjects with a history of treatment for anxiety or depression (Cohen’s d, 0.26-0.43) or
with baseline hyperalgesia (Cohen’s d, 0.40-0.88).

Conclusion: QST reveals individual differences in perception of fixed painful stimuli in ED
patients, including hyperalgesia. Subgroups of ED patients with hyperalgesia and psychiatric
history report larger treatment effects on ED pain and QST measures.

Keywords: emergency department, quantitative sensory testing, hyperalgesia, opioid, anxiety,
depression

Introduction

Refining treatment of acute pain in the emergency department (ED) is a high priority,
given that painful complaints are the most common reasons for ED visits.! Analgesic
drugs are one of the most common drug classes prescribed in the ED with opioids
representing an increasing proportion of these drugs.' This situation potentially con-
tributes to opioid overuse.*> Competing efforts focus on reducing inappropriate ED
opioid prescribing®’ as well as on reducing ED barriers and inequities in the effective
treatment of pain.®'° Despite this attention to ED pain treatment, few studies examine
individualized pain treatment for emergency patients.!!
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Individualized treatment requires methods to reliably
compare individual perceptions of painful stimuli and indi-
vidual responses to analgesia in the ED.!? Measurement of
pain and response to pain treatment is difficult because of the
chaotic ED setting. In addition, modifiers of pain response
include prior drug use, patient psychological traits and states,
acute anxiety, and other stressors, which are common in the
ED population.’*’* ED pain measurement relies primarily
on verbal or visual numerical rating scales of pain intensity
that are reliable for measuring within-subject effects.!¢""?
However, these pain scales do not permit interindividual
comparisons, and single numerical scales may not capture
the clinically important discomfort or tolerability of pain of
a given intensity.?

To move toward more personalized treatment of acute pain
in the ED, we adapted several quantitative sensory testing
(QST) measures from the literature into a battery for com-
paring individual sensory thresholds and responses to fixed
painful stimuli in ED patients. We selected QST measures with
the long-term goal of using these tools in multiple busy EDs.
Therefore, we selected measures that were simple, portable,
and with sufficiently brief administration to allow repeated
assessments. We prioritized tests that did not require special-
ized or expensive equipment unlikely to be found in an ED.

This project consisted of two phases: 1) describing the
performance characteristics of the QST battery in healthy
volunteers and 2) describing the feasibility of the QST
regimen in a cohort of ED patients with painful complaints.
We hypothesized that ED patients have between individual
variations in perception of fixed painful stimuli prior to
treatment, and that ED treatment alters perception of fixed
painful stimuli. Because we were interested in the global
nociceptive responses of each subject, we tested perception
to fixed stimuli in a single anatomical location, remote from
the site of pain from the ED complaint. As secondary aims,
we explored whether there were associations between subjec-
tive pain relief and baseline QST measures, changes in QST
with treatment, or clinical features of patients.

Materials and methods

The University of Pittsburgh Institutional Review Board
reviewed and approved the healthy volunteer studies and the
ED studies separately. All subjects provided written informed
consent prior to participation. For laboratory studies, we pro-
vided informed consent documents to interested participants
in advance of any testing, and the potential participant could
review the document for as long as they wished. In the ED
studies, a member of the treating clinical team asked poten-
tial participants if they would be interested in participating

in research. If they agreed, a researcher verbally described
the study at bedside including demonstration of pressure
algometry on the researcher’s own hand. The potential subject
reviewed the consent form simultaneously with opportunity
to ask questions. No data were collected until after the poten-
tial subject signed the consent form. We did not permit the
research study to delay ED treatment. Therefore, if a potential
subject wished for a longer time to consider participation,
they were not included in the study.

Participants
For healthy volunteer studies, we recruited male and female
adults (=18 years of age) from the University of Pittsburgh
community using a printed advertisement and word of mouth.
We excluded subjects with a history of neuropathy, scars on
their right hand, or current use of pain-relieving drugs. For
the study of oxycodone, we also excluded subjects with prior
intolerance of opioids or pregnancy. The initial healthy vol-
unteer cohort was not compensated for participation, but sub-
jects in the oxycodone study received $20 for participation.
For ED studies, we recruited a convenience sample of
adult (=18 years of age) patients from the EDs of three
teaching hospitals in Pittsburgh with ~70,000, 54,000, and
23,000 patient visits per year. The two busiest EDs are Level
1 Trauma Centers. A researcher approached alert patients who
were being evaluated for a painful condition (initial pain score
>4 using a verbal scale from 0 to 10 with anchors of 0 = “no
pain” and 10 = “worst possible pain”) and for whom the treat-
ing team planned to administer an analgesic. The researchers
did not alter the treating team analgesic plan in any way. We
excluded subjects if they had diagnosed neuropathy or had
scars or injury on their right hand. ED subjects received no
compensation.

QST measurements

The primary investigators trained all research specialists who
conducted QST. The specific measurements for this study
included pressure-sensation threshold (PST), pressure-pain
threshold (PPT), pressure-pain response (PPR), and cold-
pain threshold (CPT). Each specialist practiced administra-
tion of the QST measures on the investigators and on each
other until proficient. Investigators observed testing by the
specialists periodically during the study to assure that there
was no drift in practice.

Pressure-sensation threshold

PST is the smallest perceptible pressure from Von Frey fibers
(0.02 —40 g). With the subject’s eyes closed or turned away,
we pressed fibers to the skin over the soft tissue between the

submit your manuscript

1242

Dove

Journal of Pain Research 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

QST in emergency department

distal ends of the metacarpals of the index and long fingers
of the right hand. Subjects were told, “Tell me when you feel
me touching you”. If the subject reported touch, we then
tested the next smaller Von Frey fiber, whereas if the subject
did not report touch, we tested the next larger Von Frey fiber.
This process continued until we identified the smallest detect-
able Von Frey fiber for that subject. Lower scores indicate
increased ability to perceive the touch stimulus.

Pressure-pain threshold

We measured PPT by applying a pressure algometer with a
1 ¢cm? round rubber foot (Wagner Instruments, Greenwich,
CT, USA) in the webspace between distal metacarpal of the
index finger and the long finger of the right hand. The pres-
sure was increased at a rate of 10 N/second. We instructed
subjects to indicate, “when the pressure stimulus becomes
painful or uncomfortable”. PPT was the pressure reading at
that moment, with lower scores indicating lower threshold for
perceiving pain. We explained to subjects to report the time
when the subject wished the stimulus to stop, regardless of
whether they could tolerate the stimulus for a longer time.
In pilot testing, when we used the shorter phrase, “when the
pressure stimulus becomes painful”, subjects sometimes
attempted to see how long they could endure the stimulus
after it became noxious.

Pressure-pain response

PPR is reported pain of two pressures applied for 45 seconds
using the pressure algometer between distal metacarpal of
the index finger and the long finger of the right hand. We
tested pressures of 50 and 75 N/cm?. We asked subjects,
“How uncomfortable is this pressure?” using a verbal scale
from 0 to 10 with anchors of 0 = “no pain” and 10 = “worst
possible pain”. Subjects then marked their pain on a 10-cm
long Visual Analog Scale (VAS) with anchors of “no pain”
and “worst possible pain.” If the subject could not tolerate
increasing the pressure to the intended level, we recorded
verbal 10 and VAS 10 cm. Verbal scores were always reported
before VAS. Higher scores indicate increased intensity of
perception of the stimulus.

Cold-pain threshold

CPT is the duration of cold exposure after which immersion
of the right hand in cold water becomes uncomfortable. Each
subject placed the right hand into a mixture of crushed ice and
water in a plastic cylinder (14 cm diameter X 22 cm deep).
We instructed subjects to keep their hand in the center of the
cylinder, away from the edges. We did not agitate or mix the
slurry during testing. In bench-top experiments, the water

temperature in the center of the container was 0.5-1.7°C
(mean 0.7°C, SD 0.4°C), and the water temperature at the
edge of the container was 1.7—4.6°C (mean 2.8°C, SD 1.1°C).
We instructed subjects to report, “when the cold stimulus
becomes painful or uncomfortable.” CPT was recorded as the
time in seconds from immersion until the subject reported
pain, with shorter durations indicating a lower threshold for
response. Explanations of “painful or uncomfortable” were
identical to those for PPT.

Clinical information

ED subjects completed a baseline survey that included cur-
rent and prior history of treatment for anxiety and depres-
sion, drug use, and analgesic use. History of treatment for
anxiety and depression was a dichotomous variable taken
from the medical record problem list: we did not attempt to
elicit detailed histories. Subjects also answered the Patient
Health Questionnaire-2 (PHQ-2)?! and Generalized Anxiety
Disorder scale-2 (GAD-2)* screening questions about state
depressive symptoms and anxiety symptoms, respectively,
with scores 23 considered positive. Analgesic treatment was
determined from the medical record. Investigators asked
subjects to indicate the location of pain. After the encounter,
we categorized the ED painful complaint as musculoskeletal
(e.g., back pain, fracture, sprain), visceral (e.g., abdominal
pain, urinary pain), soft tissue (e.g., abscess, cellulitis),
headache, or diffuse pain.

Study design

We conducted three separate studies in separate subjects.

Study |: QST performance characteristics

The first study characterized the performance characteristics
of PST, PPT, PPR, and CPT in 50 healthy volunteers. Each
measure was recorded for each participant twice on the
same day. Between testing, to account for changes in skin
temperature with the CPT testing, we asked each subject to
report when his or her hand was “back to normal” before
repeat testing. This allowed about 10 minutes between test-
ing sessions. Each test was repeated in the same order. In a
subset of subjects, different investigators conducted the two
tests to determine the inter-rater reliability.

Study 2: oxycodone effects on QST measures

The second study determined the effects of analgesic drugs
on PST, PPT, PPR, and CPT in healthy volunteers. To achieve
this aim, we tested the hypotheses that oxycodone would
increase PST, PPT, and CPT, and decrease PPR. Each subject
participated in two separate testing days at least 2 days apart.
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We asked subjects to fast for 6 hours prior to testing. On
each day, subjects ingested identical appearing capsules that
were either placebo or 10 mg oxycodone, with each subject
participating in both conditions. A pharmacist randomly
assigned order of drugs using a computer, and both subjects
and investigator were blinded to drug order. The pharmacy
revealed drug identity after all data from all subjects were
collected. Investigators recorded each sensory measure at
baseline (two separate measurements) and at 30, 60, and 90
minutes after ingestion of a test drug.

Study 3: QST in ED patients

The third study determined the changes of PPT and PPR in
subjects during treatment of painful conditions in the ED.
Based on the length of time required to collect PST and CPT
in the healthy volunteer studies, we deemed these measures
to be impractical for the initial study in the ED. A researcher
recorded PPT and PPR after a nurse and physician had evalu-
ated the subject and an analgesic had been ordered but not
yet administered. All subjects were aware that treatment for
their painful condition already had been ordered and was not
contingent on QST testing. The researcher recorded PPT and
PPR a second time 30—60 minutes after analgesic had been
administered. We selected a 30-minute interval because ED
patients frequently receive multiple interventions during
longer intervals.

Statistical analysis

Doses of opioid medications were converted to intravenous
morphine equivalent dose (MEQ) using conversions from
the literature: 1 mg hydromorphone:4 mg morphine; 5 mg
oxycodone:2 mg morphine; and 5 mg hydrocodone:2 mg
morphine.?2*

Continuous variables were reported as means and stan-
dard deviations (SD) if normally distributed or medians
and interquartile ranges (IQR) if not normally distributed.
Proportions were expressed as percentages.

Study |: QST performance characteristics

In healthy volunteers, we measured associations between test
outcomes using pairwise Pearson’s correlations. We deter-
mined test—retest reliability of each measure by calculating
Pearson’s correlations, intraclass correlations, and Bland—
Altman plots between first and second trials. Bland—Altman
statistics included test bias and 95% confidence intervals
(95% CI) of agreement.? We determined inter-rater reliability
of each measure by calculating these measures between trials
for each subject conducted by two different investigators.

Study 2: oxycodone effects on QST measures

The oxycodone study repeated measurements within subjects.
Therefore, we compared the change over time in measured
variables using mixed-effects regression, treating subjects as
arandom effect. Contrasts focused on the interaction between
time and drug, and we compared values in each group to the
mean baseline value for the same day. Study design dictated
measurement times, and time was treated as a fixed effect.
We used Bonferroni corrections to account for multiple
comparisons within and between variables.

Study 3: QST in ED patients

For the ED subjects, we compared the distributions of QST
measures with the distributions in the healthy volunteer cohort
using two-sample Kolmogorov—Smirnov tests. To compare
QST measures before and after ED treatment, we examined
pairwise -tests on the log transform of PPT. Other variables
were not normally distributed, even when transformed, and
we used nonparametric Wilcoxon matched pairs signed rank
test to evaluate for change. We used Bonferroni correction
to account for testing multiple variables within each subject.
We examined a subgroup of subjects with hypersensitivity or
hyperalgesia, arbitrarily defined as scores on PPR that were
outside the ranges observed in healthy volunteers.

To explore whether effect sizes differed between sub-
groups and across measures, we calculated mean differences
(with 95% CI) between scores before and after treatment and
also Cohen’s d , which is a normalized measure of effect
size for comparing a repeated measurement within subjects.
Suggested benchmarks exist for interpreting effects as small
(d=0.2), medium (d=0.5), or large (d=0.8).® Because these
analyses were exploratory, we did not calculate any inferen-
tial statistics to compare effects in subgroups. Uncorrected
t-test or chi-square comparisons of demographic or clinical
characteristics described differences in subgroups.

Sample size

Sample size of 50 for the initial cohort of healthy volunteers
was sufficient to provide estimates of mean and variance
for measures with 90% power to detect correlations, r>0.4,
between measures. We chose sample size of 20 for the study
of oxycodone in healthy volunteers based on the SD and
test—retest correlation (0.88) for VAS scores for PPR observed
in the healthy volunteer study to provide about 90% power
(beta=0.88) to detect a 10-mm change in pain scores. We
aimed to recruit 200 subjects for the ED cohort to estimate the
proportion of subjects who would complete testing with 5%
ClIs. We estimated that this sample size should provide 90%
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power to detect correlations, r>0.2, between QST measures,
and subjective pain relief.

Alpha error rates of 0.05 were used for significance.
Analyses were conducted in STATA (v 13.1, College Station,
TX, USA).

Results
Study I: QST performance characteristics

in healthy volunteers

Fifty subjects (18 females, 32 males, mean [SD] age: 31
[12] years) participated in QST measurements. All subjects
completed two tests: 16 by separate testers and 34 by the
same tester. Reproducibility of each test appears in Table 1.
Test—retest correlation was excellent, r>0.80, for all tests with
small bias. Inter-rater reliability was excellent (r>0.80) with
small bias, for all tests except for PST, for which correlation
was moderate (r=0.52).

Pairwise correlations between individual tests appear in
Table 2. Verbal report and VAS for pain were highly cor-
related for 50 N/cm? (r=0.97) and 75 N/cm? (r=0.98). All of
the pressure tests (PPT: 50 and 75 N/cm?) were associated
with each other. However, the associations between pressure
tests, CPT, and PST were weak.

Study 2: oxycodone effects on QST

measures in healthy volunteers
From 20 subjects who consented to begin the study, 18 com-
pleted all aspects of the protocol (8 males and 10 females,

mean [SD] age of 30 [10] years, mean [SD] body mass of
67.3 [11.2] kg). The two nonparticipating subjects did not
schedule their laboratory visit after randomization and con-
tributed no data. The two visits for each subject were 2—71
days apart (median, IQR: 13, 7-28 days).

Baseline QST measures were similar to the initial cohort
of healthy volunteers, and measures varied little between
testing days. For PPR, the VAS and verbal score were highly
correlated (r=0.94-0.97), and only the VAS is presented.

Treatment with 10 mg oxycodone compared to placebo
reduced PPR at 50 N/cm? (p=0.0038) and at 75 N/cm?
(»<0.0001), increased PPT (p<0.001), and prolonged CPT
(p=0.0022) (Figure 1). There was an interaction between
drug and time for PPR at 50 N/cm? (p=0.0008), at 75 N/cm?
(p<0.0001), and CPT (p=0.0002): PPR decreased and
CPT increased from baseline at 60 and 90 minutes after
oxycodone.

Study 3: QST in ED patients

From 205 ED patients with acute painful complaints who con-
sented to begin the study, 197 subjects agreed to participate
with QST measures and 173 (88%) completed measurements
both prior to and after pain treatment. Reasons for not com-
pleting the study are depicted in Figure 2, and characteristics
of the subjects who completed the study did not differ from
the total sample (Table 3).

A history of treatment for anxiety and depression was
common (46%), with some subjects (25%) receiving current

Table | Reliability and reproducibility of QST measures in healthy volunteers (n=50)

QST Measure Correlation

Intraclass correlation Bland-Altman bias

coefficient (95% CI) (95% CI of agreement)
Between-test comparison (N=50)
PST 0.81%##¢ 0.66 (0.47, 0.79) -0.02 (-0.21,0.18) g
PPT 0.81%##* 0.78 (0.64, 0.87) -2 (=21, 17) N/em?
PPR 50 N/cm? (Verbal) 0.86%+* 0.84 (0.74, 0.91) 0.4 (-1.8,2.6)
PPR 50 N/em? (VAS) 0.88** 0.87 (0.78, 0.92) 0.4 (-1.7,24) cm
PPR 75 N/em? (Verbal) 0.88¥* 0.88 (0.80, 0.93) 0.1 (-2.0,2.2)
PPR 75 N/ecm? (VAS) 0.88+#* 0.88 (0.80, 0.93) 0.04 (-2.1,2.2) cm
CPT 0.97##* 0.93 (0.89, 0.96) —4 (—73, 65) seconds
Between-rater comparison (N=16)
PST 0.52* 0.44 (—0.03, 0.76) —0.02 (-0.18.0.14) g
PPT 0.81%* 0.79 (0.52, 0.92) -3.1 (-23. 17) N/em?
PPR 50 N/cm? (Verbal) 0.93%#* 0.93 (0.82, 0.98) 0.1 (-1.6, 1.7)
PPR 50 N/cm? (VAS) 0.96%** 0.96 (0.88, 0.98) 0.1 (1.1, 1.4 cm
PPR 75 N/ecm? (Verbal) 0.93¥* 0.93 (0.83, 0.98) 0.1 (1.7, 1.8)
PPR 75 N/ecm? (VAS) 0.9k 0.92 (0.78, 0.97) —0.3 (2.2, 1.6) cm
CPT 0.94%+¢ 0.83 (0.59, 0.94) -9 (=112, 95) seconds

Note: #p<0.05; #p<0.01; ***p<0.0001.

Abbreviations: Cl, confidence intervals; CPT, cold pain tolerance; PPR, pressure pain response; PPT, pressure pain threshold; PST, pressure-sensation threshold;

QST, quantitative sensory testing; VAS, Visual Analog Scale.
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Table 2 Between-measure correlation of QST measures in healthy volunteers (n=50)

QST Measure PST PPT PPR 50 N/cm? PPR 50 N/cm? PPR 75 N/cm? PPR 75 N/cm?
(Verbal) (VAS) (Verbal) (VAS)

PPT 0.03

PPR 50 N/cm? (Verbal) 0.20 —0.30%*

PPR 50 N/ecm? (VAS) 0.21 —0.28% 0.97+%*

PPR 75 N/ecm? (Verbal) 0.11 —0.39%* 0.83%%* 0.80%**

PPR 75 N/ecm? (VAS) 0.16 —0.35% 0.83*** 0.8 ¥ 0.98**

CPT -0.13 0.20 -0.02 —-0.05 —-0.03 -0.01

Note: *5<0.05; #p<0.01; #p<0.0001.

Abbreviations: CPT, cold pain tolerance; PPR, pressure pain response; PPT, pressure pain threshold; PST, pressure sensation threshold; QST, quantitative sensory testing;

VAS, Visual Analog Scale.
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Figure | Response of QST measures to 10 mg oxycodone in healthy volunteers.

Time (minutes)

Notes: Group median and intraquartile ranges are depicted for pressure pain response at 50 N/cm? (A), at 75 N/cm? (B), pressure pain threshold (C), pressure sensation
threshold (D), and cold pain threshold (E). After oxycodone, the response at 50 N/cm? response at 75 N/cm? and cold pain response were decreased relative to baseline

at 60 and 90 minutes (*p<0.05).
Abbreviations: QST, quantitative sensory testing.

| 205 screened |
—>| 8 refused QST |
A 4
197 baseline QST completed |

= 14 no analgesic given in ED |
—>| 7 discharged before retest |
—>| 2 declined retest |

—>| 1 received sedation |
A 4

173 completed baseline
and retest QST

Figure 2 Subjects recruited from ED patients, and reasons for exclusion.
Abbreviations: ED, emergency department; QST, quantitative sensory testing.

treatment for anxiety or depression. History or current treat-
ment was associated with higher scores on the PHQ-2 and

GAD-2 (chi-square=31-33, p<0.0001). Anxiety and depres-
sive symptoms occurred together, with scores on PHQ-2 and
GAD-2 positively correlated (r=0.67, p<0.0001). Of 173
subjects, 91 (53%) scored <3 on both GAD-2 and PHQ-2
and 47 (27%) scored =3 on both. Musculoskeletal pain and
visceral pain were most common, and pain was most often
located in the extremities, abdomen, and back.

Baseline PPT and PPR measurements in ED subjects
were numerically similar to the measurements in healthy
volunteers, but the distribution of PPT (p=0.004) and PPR at
75 N/em? differed (p=0.006) (Figure 3). Many subjects (34%)
would not allow the investigator to complete the 75 N/cm?
PPR and a subset (9%) would not tolerate the 50 N/cm? PPR,
resulting in a score of 10 cm for those measures. Baseline
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Table 3 Characteristics of ED subjects

Characteristics

Entire ED cohort

Subjects with repeated measures

Number 197
Mean age, years (SD) 38 (14)
Male sex, (%) 38
Race, %

White 54
African-American 37
Asian 1.5
Native American/Pacific Islander 1.0
Biracial 5
Declined to report 1.5
Hispanic 4.6
Education, %

Less than high school 10
High school/GED 34
Some college 30
College degree 16
Postgraduate 4
Technical/vocational school

Declined to report 3
Medical History

History of anxiety or depression, % 46
Current treatment for anxiety or depression, % 26
Current tobacco use, % 53
Current alcohol use, % 52
Current marijuana use, % 23
Current nonmedical opioid use, % 0.5

Current medical opioid use, % 12

Initial pain score, median (IQR) 8(7,9)
Character of pain, %

Musculoskeletal 50
Visceral 38
Soft tissue 8
Headache 1.5
Diffuse 1.5
Location of pain*

Extremities 38
Abdominal 35
Back 33
Head Il
Neck 12
Chest 7

173
38 (14)
37

57
35
1.7
1.2
5

0
5.2

34
31
17

46
25
55
53
26
0.6
I
8 (7, 10)

47
40
8
1.7
1.7

37
38
35
12
12
6

Notes: *Total >100% because subjects could indicate multiple locations. The entire ED cohort provided some QST and baseline data. The subset of subjects with repeated

measures also provided data after treatment with an analgesic.

Abbreviations: ED, emergency department; GED, General Educational Development; IQR, interquartile ranges; QST, quantitative sensory testing; SD, standard deviation.

PPR at 50 N/cm? was associated with the initial ED pain
score (r=0.20, p=0.0052), but other QST measures were not
associated with pain score.

As an exploratory analysis, we defined hyperalgesia to
QST as a baseline PPR to 50 and 75 N/cm? of 9 cm or greater,
because these values were outside of the range observed in
healthy volunteers (Figure 3). Hyperalgesia occurred in 31
of 196 subjects (16%) and in 23 of 173 (13%) subjects with
repeated measures. Mean (SD) PPT was lower (30 [8] vs. 48
[18] N/cm?, p<0.0001) and mean (SD) initial pain score was
higher in these subjects (8.5 [1.7] vs. 7.8 [1.8], p=0.043). This

subgroup of subjects was older (mean [SD] of 43 [12] vs. 37
[14] years, p=0.05), higher proportion of African-American
(60% vs. 33%, p=0.033), and more frequently with prior
treatment (69% vs. 44%, p=0.014) or under current treatment
(45% vs. 24%, p=0.022) for anxiety or depression. Other
measures did not differ for this subgroup.

Response to pain treatment in

emergency department
Pain was treated with 2 or 4 mg MEQ of opioid in 98 (56%)
cases (median dose 2, IQR 2—4). One subject received 0.8 mg
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Notes: The distribution of pressure pain thresholds and pain response at 75 N/cm? differed between cohorts. Lower pain thresholds were more frequent among ED subjects,

and maximal pain responses (>9 cm on VAS) were more frequent in ED subjects.
Abbreviation: ED, emergency department; VAS, Visual Analog Scale.

and two subjects received 6 mg MEQ. Other subjects received
acetaminophen or nonsteroidal anti-inflammatory drugs.
Drugs were administered via intramuscular or intravenous
route in 42% of cases with no difference between opioids
(40%) and nonopioids (44%).

ED treatment decreased pain scores and reduced nocicep-
tion according to QST measures (Table 4). PPR was lower
at 50 N/em? (p=0.022) and 75 N/cm? (p=0.011), and PPT
was higher (p=0.0054). However, the absolute magnitude
of change for each of these measures was small (Cohen’s
d, 0.10-0.19, Table 4). We did not detect any correlation
between changes in ED pain scores and baseline QST mea-
sures (r=0.05—-0.13) or between changes in ED pain score
and changes in PPT (r=—0.11), PPR to 50 N/cm? (r=0.12) or
PPR to 75 N/cm? (r=0.04).

We explored effect sizes for ED pain score or QST
measures measured before and after treatment varied within
clinical subgroups of subjects (Table 5). Effect sizes for
QST measures did not differ consistently between sexes,
pain characters, pain locations, analgesic type, route, or

scores on PHQ-2 and GAD-2. However, effects on QST
measures were medium in subjects with a history of or
current treatment for anxiety and depression (Cohen’s d,
0.26—-0.43). Effect sizes were larger for ED pain score and
medium to large (Cohen’s d_ 0.40-0.88) for QST measures
in subjects with initial hyperalgesia (PPR to 50 N/cm?
>9 cm) (Table 5).

Discussion

We characterized a brief QST battery to measure pain per-
ception in ED patients. All of the QST tests were reliable,
confirming prior work.”” In healthy volunteers, oxycodone
administration changed both PPT and PPR in a consistent
manner, demonstrating sensitivity to interventions. The PPT
and PPR tests require an inexpensive and portable algometer
and <1 minute to complete, which are advantages for studies
in the ED setting compared with more extensive QST bat-
teries.?® Future studies may determine if other components
of more extensive QST batteries, such as mechanical pain
sensitivity, dynamic allodynia, and heat thresholds, provide
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Table 4 Analgesic treatment effect at 30 minutes on painful complaint and on QST in ED subjects (n=173)

QST Measure Baseline Post- Mean difference Cohen’s d,
treatment (95% CI)

Median (IQR): Verbal Pain Scale for ED complaint 8 (7, 10) 64,8 —22(-2.6,-1.9) 0.97

Mean (SD): PPT, N 47 (18) 49 (19) 2.5 (0.5, 4.5) 0.19

Mean (SD): PPR 50 N/cm? VAS, mm 52 (28) 49 (29) —2.6 (-6.4, 1.2) 0.10

Mean (SD): PPR 75 N/ecm? VAS, mm 73 (29) 69 (31) -3.7 (-7.1,-0.3) 0.16

Abbreviations: Cl, confidence intervals; ED, emergency department; IQR, interquartile ranges; PPR, pressure pain response; PPT, pressure pain threshold; QST, quantitative

sensory testing; SD, standard deviation; VAS, Visual Analog Scale.

Table 5 Analgesic treatment effect on painful complaint and on QST in subgroups of ED subjects (n=173)

Subject n Mean difference Cohen’s Mean Cohen’s Mean difference Cohen’s Mean difference Cohen’s
characteristics (95% ClI), ED d, difference d, (95% ClI), d, (95% ClI), d,

Pain Scale* (95% CI), PPR 50 N PPR75 N

PPT, N VAS, mm VAS, mm

Male 64 -22(-28,-18) 094 22(-08,53) 0.18 —4.1 (-10, 2.0) 0.17 -2.5(-8.0, 3.1) 0.11
Female 109 -23(-27,-1.7) 1.00 2.7(0.0,53) 0.19 —-1.7 (6.6, 3.3) 0.06 —4.4 (-8.8,0.0) 0.19
Pain character
Musculoskeletal 82 1.8 (-2.4,-1.3) 0.78 35(08,62) 028 -3.7 (-89, 1.4) 0.16 -3.3(-9.0,24) 0.13
Visceral 70 -25(-3.0,-1.9) 1.20 I.1 (-2.6,4.8) 0.07 0.1 (-6.5, 6.7) 0.00 -3.8(-87, I.1) 0.19
Soft tissue 14 -3.0(-44,-1.6) 1.24 32(-23,87) 034 -2.4 (-2.0, 1.5) 0.08 1.0 (-8.5, 10.4) 0.06
Pain location
Extremities 64 2.1 (-27,-14) 084 2.7 (-0.6,6.0) 0.20 -5.2 (=11, 0.6) 0.22 —5.0 (12, 1.6) 0.19
Abdominal 65 -22(-27,-16) 098 1.7 (-2.2,5.7) 0.1l —1.3 (-8.6, 6.0) 0.04 -59(-11,09) 0.29
Back 60 -22(-28,-1.6) 098 20(-1.7,5.7) 0.14 0.5 (-6.1,7.0) 0.02 —2.0 (-6.5,2.5) 0.12
Head 21 24(-33,-14) 1.13 -0.5 (—6.6,5.7) 0.04 -7.8 (-16,0.4) 0.43 1.6 (-8.8, 12) 0.07
Neck 20 -—22(-33,-1.0) 084 24 (-2.0,6.8) 026 -7.3 (16, 1.8) 0.37 -25 (=17, 12) 0.08
Chest I -26(-4.6,-07) 09I 3.0 (=55 11) 023 —4.6 (-18,9.1) 0.23 3.6 (-11,18) 0.17
Treatment
Opioid 101 -2.5(-2.9, -2.0) 1.0l 3.6(1.2,6.00 030 —I.1 (-6.6,4.3) 0.04 —4.6(-89,-02) 02l
Nonopioid 72 -19(-24,-14) 09I 1.0 (-2.4,44) 0.07 —4.6 (-9.9,0.7) 0.20 -2.5(-8.1,3.2) 0.10
Opioid dose
2 MEQ 64 -23(-29,-1.7) 09I 350565 029 —0.1 (-7.2,7.0) 0.00 -2.1 (-8.1, 4.0) 0.09
4 MEQ 34 -29(-37,-21) 1.22 42(-0.2,87) 033 —4.1 (-14,54) 0.15 —8.8 (—15,-2.8) 0.51
Drug route
Oral 10l -1.9(-24,-15) 082 26 (-02,53) 0.19 —0.1 (-0.6,0.4) 0.04 —-0.2 (-0.7,0.3) 0.08
IV orIM 72 -27(-32,-22) 1.20 2.4 (-0.5,54) 0.19 —0.5 (-1.1,0.2) 0.18 -0.6 (-I.1,-0.1) 031
Anxiety/depression
Prior history 90 -24(-29,-18 099 53(24,82) 040 —6.3 (-12,-0.8) 0.26 -79 (-13,-3.1) 0.37
No history 80 -2.1(-26,-1.7) 094 0.1 (-2.7,2.8) 0.00 0.7 (-4.9, 6.4) 0.03 —0.1 (-5.1,4.9) 0.00
Anxiety/depression
Current 44 27 (-3.5,-2.0) 1.13 5.1 (0.6,9.6) 034 -9.3 (-16,-2.7) 0.43 —8.8 (—15, -2.6) 0.43
None 126 -2.1 (-25,-1.7) 091 1.6 (—0.6,3.8) 0.13 —0.2 (4.9, 4.5) 0.01 —2.0(-6.2,2.2) 0.08
PHQ-2 >3 60 2.1 (-2.6,-1.5) 0.94 3.7(0.5,7.00 030 —0.2 (-0.8,0.4) 0.10 —0.4 (-0.8,0.1) 0.19
PHQ-2 <3 13 -23(-28,-19) 098 1.9 (-0.7,44) 0.10 —0.3 (-0.8,0.2) 0.10 —0.4 (0.9, 0.1) 0.15
GAD-2 >3 69 2.1 (-2.8,-1.8) 1.02 43(1.1,76) 032 —0.1 (0.7, 0.5) 0.05 —0.3 (0.8, 0.1) 0.15
GAD-2 <3 104 -23(-27,-1.6) 093 1.3(-1.2,38) 0.10 —0.3 (-0.9,0.2) 0.13 —0.4 (-0.9,0.2) 0.17
Hyperalgesia
PPR 50 N/cm?>9 23 -3.3(-4.5,-2.1) 1.21 3.6 (-0.0,7.2) 043 -2.0 (-3.0, 1.0) 0.88 —0.4 (-0.9, 0.0) 0.40
PPR 50 N/em?<9 150 -2.1 (-2.4,-1.7) 0.94 23(0.1,46) 0.17 0.0 (0.4, 0.4) 0.01 —-0.4 (-0.7, 0.0) 0.15

Notes: *Second value missing for three subjects.

Abbreviations: Cl, confidence intervals; ED, emergency department; GAD-2, Generalized Anxiety Disorder scale-2; IM, intramuscular; 1V, intravenous; MEQ, morphine
equivalent dose; n, number of subjects; PHQ-2, Patient Health Questionnaire-2; PPR, pressure pain response; PPT, pressure pain threshold; QST, quantitative sensory testing;

VAS, Visual Analog Scale.

additional information in ED patients. Over 88% of ED
patients completed repeat testing while being treated for
painful conditions, demonstrating the feasibility of QST in
the chaotic ED environment. PPT and PPR also change with

ED analgesic drug treatment in parallel with the reported
pain from the ED complaint.

We are aware of no other studies that used QST to study
treatment response in the ED. One study in surgical patients
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found QST measures, primarily lower electrical and heat
pain thresholds, were associated with higher postoperative
analgesic requirements.” Recent studies suggest that QST
measures can identify interindividual differences in particular
mechanisms of pain perception, such as descending-inhibi-
tory activity, which can explain responses to specific types of
drugs.**3!' Our study demonstrates the feasibility of similarly
measuring interindividual variation in ED patients. These
techniques could guide personalized selection of specific
drugs or therapies for acute pain treatment and could identify
subgroups of patients with differential response (Table 5).

CPT and PST were less suitable for the ED setting. CPT
tests required ice water and created some perceived change
in the skin of the subject’s hand for up to 10 minutes that
might affect repeated tests.> We used the simplest possible
apparatus for CPT testing, which did not include any effort
to circulate water around the hand. Therefore, a pocket of
warmer water may have developed around each subject’s
hand, increasing variability in response. PST required several
minutes to complete and was less reliable between raters.
Therefore, we did not attempt to collect these measures in
ED subjects. Automated devices to test temperature pain
thresholds or sensory thresholds might be more reliable but
are not yet available for application in large-scale research
trials or routine ED practice.?

Our data confirm that verbal numerical pain scores are
highly correlated with the more granular VAS.!® Verbal
numerical scales will be more practical for telephone or
remote monitoring of pain after emergency care.**¢ Prior
research indicates that a change of 1.3—-1.6 cm in VAS is
clinically important to ED patient experience.'”"* The 95%
ClIs for intrasubject and inter-rater agreement in our healthy
volunteers (Table 1) confirm that changes in that magnitude
are unlikely to be testing error. Most of our ED subjects
reported changes in pain score greater than this threshold
(Table 4). Enteral versus parenteral route of drug administra-
tion did not alter the analgesic effects (Table 5), consistent
with a prior ED study that parenteral drugs have rapid onset
but indistinguishable effects after 30—40 minutes.’’

Our data suggest that factors in addition to reduced per-
ception of painful stimuli contribute to the clinical efficacy
of ED pain treatment. Specifically, the change in PPT and
PPR with treatment explained little variation in ED pain
score (r=0.04—0.12). ED subjects also reported reductions in
the severity of their painful complaint after only 30 minutes
(Table 4) although analgesic effects of oxycodone were not
detectable in fasting healthy volunteers until 60 minutes
(Figure 3). One possible explanation of these results is that
reducing patient anxiety, setting expectations for relief, and

providing non-pharmacological support are amplifiers of the
effect of ED analgesics and may take effect much faster than
drugs. These treatments may increase the ability to tolerate
and endure pain of a given intensity (i.e., reduce discomfort),
despite small changes in perceived pain. While distinguishing
nociception from discomfort was not the primary focus of
this study, future research should use more than the single
numerical rating scale to assess the painful ED complaint.?
In addition, clinicians should exploit multiple different
mechanisms to reduce or optimize total drug required for
effective acute pain treatment.

Our results support a contribution of ED patient psy-
chological traits to the pain treatment response. A history
of treatment for anxiety or depression was associated with
stronger effects of ED analgesic administration on QST
measures. Anxiety and affective disorders are comorbid
with chronic pain,'*!® modify severity of postsurgical
pain,* and impair central pain inhibition in chronic visceral
pain.* The fact that ED patients with a history of anxiety or
depression were more responsive to ED treatment appears
paradoxical. However, it is possible that these traits increase
patient response to stimuli, as in the prior studies, creating
a larger opportunity for acute ED treatment of nociception
to reduce pain perception. Alternatively, many drugs used in
the ED also reduce anxiety or provide euphoria that could
reduce state anxiety or negative affect. The GAD-2 and
PHQ-2 were not associated with analgesic effect, perhaps
because these instruments are too brief to identify patient
anxiety and mood (Table 5). Alternatively, state anxiety
or mood may modify pain response less than trait anxiety
or mood. More detailed phenotyping of the ED subjects
using instruments that can separate state, trait, affective
and cognitive modifiers of pain response will be required
to understand the differential response to treatment in these
subgroups.*

Hypersensitivity (lower PPT) and hyperresponsiveness
(stronger PPR) outside the range observed in healthy vol-
unteers occurred in at least 16% of ED patients (Figure 3).
Similar patterns occur in patients with chronic pain.*#
Hyperalgesia was unlikely to be an artifact of QST adminis-
tration because we used the same testers and same equipment
in both ED and healthy volunteer cohorts. The prevalence of
hyperalgesia has not previously been described in an acute
ED population. Our definition of this subgroup is arbitrarily
based on the distributions of PPR in our cohorts, and esti-
mated prevalence would differ with different operational
definitions. Nevertheless, demonstration that this subgroup
exists and can be detected during ED care allows future
research to characterize its features.
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Multiple factors may cause hyperalgesia in ED subjects.
The higher incidence of anxiety or depression history in the
hyperalgesic subgroup suggests contribution of psychologi-
cal traits of the subjects and resembles the co-incidence of
these problems in other cohorts with chronic pain.'#!5#
Alternatively, the ED painful complaint may sensitize the
subject to other stimuli as can happen with neuropathic pain.*
Finally, some ED complaints may be acute exacerbations of
neuropathic pain and some ED patients may have prior opioid
treatment, both of which can cause hyperalgesia.** Response
to QST measures in these subjects at other times outside of
the ED encounter could inform to what extent hyperalgesia is
a trait or situational phenomenon, and responses in multiple
anatomical regions could inform about the mechanisms. In
addition, future studies should more precisely define the
duration or chronicity of the ED complaint.

An important limitation of the ED study was the observa-
tional design in which subjects were not assigned to receive
drug versus placebo. Therefore, the change in measures
before and after treatment could also be attributed to placebo
effect, secular trend, or regression to the mean. The larger
change in QST measures and ED pain scores in the subset
of hyperalgesic subjects (Table 5) may represent regression
towards the population mean. This subset of subjects was
defined post hoc by extreme scores on the baseline QST
measures, and any statistical difference in the change of
measures is suspect. Nevertheless, it is tempting to speculate
that ED treatment more effectively reduces the sensitization
contributions to pain perception in these subjects. We would
need to confirm any differential effect of ED treatment on
central sensitization in a prospective study that could adjust
for initial pain thresholds.

These data illustrate that interindividual differences in
perception of or tolerance to fixed stimuli contribute to acute
pain perception and analgesic response in the ED. Making
QST measurements concurrently with assessment of ED pain
scores provides the ability to separate the contribution of
perception to total relief of discomfort. Opportunities to use
this information might include selection of drugs with fewer
side effects than opioids to provide anxiolysis in patients
where anxiety is present.*® Anxiolysis and polypharmacy
are already common practice in ED procedural sedation.*’
Providers could use behavioral or cognitive—behavioral
strategies to encourage cognitive reframing of the pain and
augment the effects of acute analgesics.*** These data might
allow rational multimodal ED pain regimens personalized
for each patient. This methodological refinement also allows
more mechanistic examination of subjective drug effects and
identification of treatment-responsive subgroups.

In conclusion, a QST battery reveals individual variation
in ED patient response to pain with ~16% of ED patients
exhibiting pressure hyperalgesia relative to healthy volun-
teers. Treatment in the ED produces a large reduction in
the pain experienced by subjects with only small effects on
objective nociception, suggesting multiple contributions to
the reported ED pain. Subjects with a history of treatment for
anxiety or depression or initial hyperalgesia are particularly
responsive to ED drug treatment. These data demonstrate
opportunities to select personalized and multimodal treatment
for ED painful complaints.
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