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Abstract

Objective. To evaluate the relationship of preopera-
tive thermal quantitative sensory testing (QST)
values with postoperative pain and opiate consump-
tion in opiate-naïve patients following gynecologic
surgery.

Design. Single blind observational study.

Settings. Surgical center of an academic medical
center.

Methods. QST was performed preoperatively on
124 opioid-naïve patients. Pain outcomes were
assessed on arrival to the post-anesthesia care unit
and at 6 hourly intervals for 24 hours. Subjects were
reclassified to three groups: Group 1 had a heat pain
threshold above and a cold pain threshold below the
median; Group 2 had either a heat pain threshold
below or a cold pain threshold above the median;
Group 3 had a heat pain threshold below and a
cold pain threshold above the median. The primary

outcome measure was the 24-hour morphine
consumption.

Results. One hundred twenty subjects were evalu-
ated. Median (interquartile range) warm and cold
pain thresholds were 44.8 (42.4–46.9)°C and 10.5
(3.2–19.0)°C, respectively. Heat pain thresholds
demonstrated a negative (rho = −0.23, P = 0.01) and
cold thresholds a positive correlation (rho = 0.21,
P = 0.02) with 24-hour morphine consumption.
Median morphine consumption was 19 (2–33) mg
(P = 0.004) equivalents greater in subjects (N = 46)
with heat pain thresholds <45°C and cold pain
thresholds >10°C than subjects with heat pain
thresholds >45°C and cold pain thresholds <10°C.

Discussion. Reduced tolerance to both heat and
cold thermal pain stimulus was associated with
increased postoperative analgesic requirements.
Combined responses to multiple pain modali-
ties may be more useful than a single stimulus
paradigm.
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Introduction

Pain is the most frequently reported postoperative
symptom and in spite of an increased understanding of
the physiology of pain mechanisms and advances in anal-
gesic modalities, effective pain management continues to
be a major health care challenge worldwide [1,2]. In addi-
tion to being a source of patient dissatisfaction, inad-
equate postoperative pain relief has been linked to the
development of surgical wound infections, cardiac and
pulmonary complications, and chronic pain conditions
[3–10]. The large interpatient variability in the response to
the postoperative nociceptive stimulus represents a major
impediment to optimal postoperative analgesic therapy
[11–16]. The ability to identify patients who are likely to
develop severe postoperative pain can lead to an individu-
alized and therefore more effective pain management
strategy for surgical patients. In addition, it can avoid
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unnecessary treatments in low-risk patients, thereby
minimizing drug-related adverse side effects.

The use of pain psychophysics to risk stratify pain out-
comes of surgical patients has been attempted by previ-
ous investigators with variable results [17–21]. Among the
different modalities, thermal sensory testing has been the
most utilized method. However, most prior studies have
tested the relationship between a single testing paradigm
and differences in pain scores and have not demonstrated
a relationship between sensory testing and postoperative
opioid analgesic consumption [22]. Because differences in
pain scores may reflect poor postoperative management,
opioid/analgesic consumption is considered a more
robust postoperative pain outcome [23,24]. In addition,
postoperative opioid consumption but not pain scores has
been associated with poor quality of postsurgical recovery
[25].

This prospective cohort study was undertaken to evaluate
the relationship of preoperative thermal quantitative
sensory testing (QST) values with postoperative opiate
consumption and pain in opioid-naïve patients following
abdominal hysterectomy or myomectomy surgery. We
hypothesized that the 24-hour cumulative opioid con-
sumption would be different in subjects with QST thresh-
old values above and below the median values for the
entire group.

Methods

The study was approved by Institutional Review Board of
Northwestern University, and signed informed consent
was obtained from all subjects. Patients who were sched-
uled to undergo abdominal myomectomy or hysterec-
tomy, and who met the inclusion criteria were invited to
participate in the study. Patients with a history of anxiety or
depression, alcohol or substance abuse, and a history
of chronic pain or current analgesic use preoperatively
were excluded.

Thermal QST was performed preoperatively in all subjects
using the TSA-II NeuroSensory Analyzer (Medoc
Advanced Medical Systems, Durham, NC, USA). Prior to
initiation of the testing, subjects received detailed expla-
nation of the process. The QST was performed by the
same investigator (SA) in a quiet room where the tempera-
ture ranged between 20 and 22°F. The standard
30 × 30 mm2 thermode was applied to the volar aspect of
the dominant forearm. The rate of temperature rise and fall
change was 1.5°C/s, and the device was programmed to
stop the heating when the temperature reached the upper
limit (default is 50°C) and the cooling when the tempera-
ture reached 0°C. The stimuli increased or decreased from
a basal temperature of 32°C until the end point was per-
ceived, at which moment the stimulus was halted by the
subject activating a button. For the warm and cold sen-
sation modalities, the subject activated the button as soon
as she felt a temperature change, and for the pain modali-
ties, the subject pressed the button when the pain thresh-
old was reached. The thermode temperature returned to

baseline at 1°C/s following warm and cold sensation
testing and at 10°C/s following heat and cold pain thresh-
old testing. Clusters of four stimuli were given, in the
sequence of cold sensation, warm sensation, cold pain
threshold, and heat pain threshold. The minimum
interstimulus interval during warm and cold sensation
testing was 4 and 10 seconds during heat and cold pain
testing. The mean value and standard deviation of each
four stimuli were recorded.

Preoperative baseline pain was evaluated using a visual
analog scale from 0 to 100 mm. Subjects received a
general anesthetic with standard monitoring including
noninvasive blood pressure monitoring, electrocardiogra-
phy, pulse oximetry, capnography, and bispectral index
(BIS) monitoring. All subjects received 2 mg of midazolam
for premedication. A remifentanil infusion was initiated at
0.2 μg/kg/min. (ideal body weight) prior to induction and
titrated to maintain the blood pressure and heart rate
within 20% of preoperative values. General anesthesia
was induced with 2 mg/kg of propofol and tracheal intu-
bation was facilitated with either 0.5 mg/kg of succinyl-
choline or 0.5 mg/kg of rocuronium, at the discretion of
the anesthesiologist. Additional doses of rocuronium were
administered to maintain the train of four at 2/4 twitches.
Anesthesia was maintained with desflurane or sevo-
flurane, air and oxygen 0.5 L/min. The depth of anesthesia
was maintained at a BIS™ (XP version 3.0, Aspect
Medical, Inc., Norwood, MA, USA) value between 40
and 60. The remifentanil infusion was discontinued
20–30 minutes prior to the end of surgery and mor-
phine 400 μg/kg. (dosing body weight = ideal body
weight + 0.4 × [actual weight—ideal body weight]) was
administered. All subjects received ondansetron 4 mg
prior to the end of surgery, for nausea prophylaxis and
neuromuscular blockade were reversed with neostigmine
and glycopyrollate. Forced air warming blankets (Bair
Hugger® Arizant Healthcare, Inc., Eden Prairie, MN, USA)
and intravenous fluid warmers (Hotline® Level 1 Technolo-
gies, Inc., Rockland, MA, USA) were used in all subjects.

The level of sedation on arrival to the post-anesthesia care
unit (PACU) was determined using the Ramsey Sedation
Scale [26]. Pain was assessed upon arrival to the PACU
and at 6-hour intervals for 24 hours using the numeric
rating scale for pain (NRS: 0 = no pain, 10 = worst pain).
Pain outcomes (24-hour opioid consumption and pain
scores) were collected by a research assistant blinded to
subjects preoperative QST values (JMB). Analgesia (i.v.
morphine) was administered by the PACU personnel to
achieve an NRS ≤4 and by patient-controlled analgesia
(PCA) for the first 24 hours after surgery. The PCA pump
(Abbott APM™, Abbott Laboratories, Chicago, IL, USA)
was programmed for a bolus of 2 mg of morphine and a
lockout of 10 minutes. Fifteen subjects received oral acet-
aminophen, and 20 subjects received ibuprofen for post-
operative fever. Subjects tolerating oral intake within the
first 24 hours were transitioned to oral nonsteroidal anal-
gesics alone or in combination with oral opioid analgesics.
The total of all opioid analgesics consumed during that
period was recorded and converted to i.v. morphine
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equivalents (morEq) in milligrams [27]. Other data col-
lected included subjects’ demographics and surgical
characteristics, intraoperative opioids consumption, acet-
aminophen and ibuprofen use, pruritus, and the incidence
of postoperative nausea and/or vomiting.

Statistical Analysis

A sample size analysis determined that 120 subjects
would be required to be studied. This number would result
in 60 subjects stratified at the median heat, or cold pain
threshold would achieve 80% power to detect a difference
in cumulative analgesic consumption of 10 mg morEq and
a standard deviation of 20 mg in the first 24 hours after
surgery using a two-tailed Mann–Whitney test and an
alpha equal to 0.05. A 10-mg morphine difference in
opioid consumption has been associated with better
quality of recovery scores in subjects undergoing abdomi-
nal hysterectomy [23]. The sample size calculation was
made using PASS version 11.0.10 release date August 9,
2012 (NCSS, LLC, Kaysville, UT, USA).

The primary outcome measure was the 24-hour morphine
consumption. To assess for an interaction between heat
and cold thermal pain thresholds, subjects were reclassi-
fied into three groups (Fig 1). Group 1 subjects demon-
strated heat and cold pain thresholds above and below

the median values, respectively. Group 2 subjects dem-
onstrated either a heat pain threshold below the median
or cold pain threshold above the median values. Group 3
subject a heat pain threshold below the median and a
cold pain threshold above the median value. Cumulative
opioid consumption, pain scores at PACU admission and
pain burden for 24 hours postoperatively were compared
among these three groups using the Kruskal–Wallis test.
Post-hoc comparisons were made using Dunn’s test cor-
rected for six comparisons. Pain burden was defined as
the area under the numeric rating score for pain for the
first 24 hours calculated using the trapezoidal method.
Intraoperative opioid use, post-anesthesia care admission
pain and sedation scores, 24-hour morphine consump-
tion, and pain and sedation scores at admission were
also compared at the median value of hot and cold pain
threshold values using the Mann–Whitney U test. The
time to first analgesic request was compared at the
median threshold using the log-rank test. The incidence
of postoperative nausea and/or vomiting was compared
at the median threshold using Fisher’s exact test. All
reported P values are two-tailed. The criterion for rejection
of the null hypothesis was a two-tailed P ≤ 0.05. Statisti-
cal analysis was performed R version 3.0.2, release date
9/25/2013 (The R Foundation for Statistical Computing,
Vienna, Austria).

Results

One hundred sixty-one subjects scheduled to undergo
abdominal hysterectomy or myomectomy were
approached. Thirty-seven did not meet entry criteria
(history of anxiety or depression, alcohol or substance
abuse, history of chronic pain, or current analgesic use).
One hundred twenty-four subjects gave informed consent
and were enrolled in this study. Four subjects were
excluded from the final analysis. One subject experienced
severe intraoperative hemorrhage and required postop-
erative ventilator support; another patient was found to
have cancer and underwent staging surgery. One sub-
ject’s surgery was converted to laparoscopy after she
consented to participate in the study, and a forth subject
developed marked tremors postoperatively and was
switched to a non-opioid analgesic.

Subject characteristics are shown in Table 1. The median
(interquartile range [IQR]) warm and cold pain thresholds
were 44.8 (42.4–46.9)°C and 10.5 (3.2–19.0)°C, respec-
tively. There was no difference in thermal threshold among
subjects stratified by race or type of procedure. There was
no association between cool and warm sensation thresh-
old with age or body mass index (BMI). Age did not
correlate with cold and heat pain thresholds; however,
cold pain thresholds were positively correlated with BMI
(rho = 0.21, P = 0.02), and heat pain thresholds were
inversely correlated with BMI (rho = −0.29, P = 0.004).
When stratified at a BMI of 30, there was no difference in
24-hour morphine consumption in subjects with a
BMI < 30 kg/m2, 56 (35–85) mg compared with subjects
with a BMI > 30 kg/m2, 53 (36–76) mg.

Figure 1 Study flow diagram. 124 subjects had
quantitative sensory testing performed prior to
surgery. Based on median heat and cold pain
threshold values in the tested subjects, groups were
allocated at the median response cutoff values.
Group 1 subjects demonstrated heat and cold pain
thresholds above and below the cutoff values,
respectively. Group 2 subjects demonstrated either
a heat pain threshold below the cutoff or cold pain
threshold above the cutoff values. Group 3 subjects
had heat pain thresholds below the cutoff and a cold
pain threshold above the cutoff value.
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Intraoperative and postoperative outcomes stratified at
median thermal pain cutoff thresholds are shown in
Table 2. Heat pain thresholds demonstrated a negative
correlation (rho = −0.23, P = 0.01) and cold thresholds
had a positive correlation (rho = 0.21, P = 0.02) with
24-hour morphine consumption. The median difference
(97.5% confidence interval) in 24-hour morphine con-
sumption for subjects with a cold threshold below 10°C
was −15 (−2 to −29) mg (P = 0.01) less than for subjects
with a cold threshold above 10°C. Subjects with heat pain
thresholds above 45°C had median differences in 24-hour
morphine consumptions of −13(−1 to −26) mg (P = 0.01)
less than subjects with heat pain thresholds below 45°C.
There were no differences in preoperative pain scores,
intraoperative remifentanil utilization, PACU admission
pain scores, PACU morphine administration, time to first
analgesic request, or 24 pain burden when stratified
at the median of the cold or heat threshold values. There
were no differences in opioid-related side effects
among groups.

Subjects who demonstrated heat pain thresholds below
the median and cold pain threshold above the median
values had greater 24-hour morphine consumption than

Table 1 Subject characteristics

Age (years) 42 (38–48)
Race (n, %)

Caucasian 45 (37)
African American 62 (52)
Hispanic 10 (8)
Asian 3 (3)

BMI (kg/m2) 29 (24–33)
ASA physical status

1 27 (23)
2 93 (77)

Preoperative VAS (mm) 0 (0–0.5)
Procedure

Abdominal hysterectomy 76 (63)
Abdominal myomectomy 44 (37)

Surgery duration (min) 134 (108–163)
Cool sensation threshold (°C) 30 (29–31)
Cold pain threshold (°C) 10.5 (3.2–19)
Warm sensation threshold (°C) 34.5 (34–35)
Heat pain threshold (°C) 45 (42–47)

ASA = American Society of Anesthesiologists; BMI, body mass
index; VAS = visual analog scale.

Table 2 Intraoperative and postoperative outcomes stratified at median thermal pain thresholds

Cold pain threshold

P

Heat pain threshold

P
<10°C >10°C <45°C >45°C
N = 59 N = 61 N = 59 N = 61

Surgical duration (min) 132 (124–141) 137 (121–141) 0.25 127 (117–137) 138 (132–148) 0.10
Intraoperative remifentanil

infusion (μg/kg/min)
0.14 (0.11–0.17) 0.15 (0.11–0.19) 0.46 0.15 (0.11–0.19) 0.14 (0.11–0.17) 0.20

Intraoperative BIS™ index 46 (43–49) 47 (44–50) 0.54 47 (44–49) 46 (43–49) 0.64
Intraoperative morphine (mg) 26 (24–30) 28 (24–30) 0.21 28 (24–30) 26 (24–30) 0.63
PACU admission pain

score (NRS 0–10)
6 (4–8) 6 (4–8) 0.71 6 (4–8) 5 (4–7) 0.05

PACU admission sedation
score

2 (2–3) 2 (2–3) 0.53 2 (2–3) 2 (2–3) 0.06

PACU morphine
administered (mg)

10 (6–21) 14 (8–25) 0.59 14 (8–22) 10 (6–22) 0.12

Time to first analgesic
request (min)

88 (73–103) 81 (72–89) 0.29 82 (74–89) 88 (73–103) 0.66

Pain burden for 24
hours (Units*hour)

27 (24–36) 30 (24–36) 0.99 33 (27–36) 24 (21–33) 0.15

Opioid consumption in
24 hours (i.v. morphine
equivalents)

43 (30–72) 63 (40–89) 0.01 60 (41–85) 42 (28–76) 0.01

Acetaminophen consumption
in 24 hours

650 (325–900) 650 (325–650) 0.54 650 (325–65) 650 (325–650) 0.60

Ibuprofen consumption in
24 hours

600 (600–600) 600 (600–600) 0.32 600 (600–600) 600 (600–600) 0.22

Nausea/vomiting in
24 hours (N, %)

20 (34) 16 (26) 0.24 15 (25) 21 (36) 0.23

Pruritus in 24 hours (N, %) 4 (7) 6 (9) 0.39 3 (5) 7 (12) 0.15

Data presented as median (interquartile range).
BIS = bispectral index; PACU = post-anesthesia care unit; NRS = numeric rating score (0 = no pain, 10 = worst pain).
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subjects who demonstrated heat and cold pain thresholds
above and below the median values as well as subjects
who demonstrated either a heat pain threshold below the
median or cold pain threshold above the median values
(Fig. 2). Median morphine consumption was 19 (2–33) mg
(P = 0.004) equivalents greater in subjects (N = 46) with
heat pain thresholds <45°C and cold pain thresholds
>10°C than subjects with heat pain thresholds >45°C and
cold pain thresholds <10°C. There were no differences in
the pain scores on PACU admission or pain burden for 24
hours among the groups.

Discussion

The important finding of this study is the demonstration
of a significant association between preoperative thermal
QST and postoperative opioid consumption. In our
study, the median cold pain threshold was 10°C, and the
median heat pain threshold was 45°C. These values are
similar to the reported thresholds in normal individuals,
cold threshold 10°C and heat threshold 47.1 ± 2°C
[28,29]. When subjects were stratified at the median

value for cold or heat pain thresholds prior to surgery,
we observed a significant difference in the 24-hour mor-
phine consumption.

An additional important finding was increased 24-hour
morphine consumption when the hot pain threshold was
below 45°C and the cold pain threshold was above 10°C
compared with subjects who demonstrated neither heat
or cold pain thresholds above and below the median
values as well as subjects who demonstrated either a heat
pain threshold below the median or cold pain threshold
above the median values. No prior study has reported the
beneficial role of assessing both heat and cold pain
thresholds to detect postoperative opioid consumption.
Our findings suggest that evaluation of the response
to both cold and heat pain thresholds may be a better
predictor of analgesic use that the use of either sti-
mulus alone. A recent review of studies evaluating QST
and analgesic needs suggested that multiparadigm
approaches to testing should be evaluated rather than
single static pain assessments [22].

Previous studies have used pain psychophysics for risk
stratification of pain outcomes in surgical patients receiv-
ing neuraxial anesthesia [18,19]. In a study of 58 women
scheduled for caesarean delivery under epidural anesthe-
sia, Granot et al. found that a supra-threshold 48°C
thermal stimulus but not the pain threshold was associ-
ated with postoperative visual analog scores [18]. Preop-
erative pain thresholds in the aforementioned study were
similar to those in the current study 44.2 ± 2.6°C, but no
assessment of the association between pain thresholds
and opioid analgesic consumption was reported. Pan
et al. evaluated thermal pain thresholds as part of a mul-
tifactorial assessment of predictors of post-caesarean
section pain in 34 parturients who received epidural anes-
thesia and found that thermal pain thresholds and patient
expectation were predictive of resting pain, while thermal
pain thresholds and the State Trait Anxiety Inventory were
predictive of recovery room analgesic consumption [19].
Differences in the findings of the aforementioned studies in
post-caesarean delivery subjects and the current study
may relate to the use of neuraxial anesthesia and use of
postoperative multimodal analgesia.

Studies have also evaluated the thermal pain responses
following general anesthesia [20,21]. Similar to our find-
ings, in a study of 59 patients that underwent laparoscopic
tubal ligation, Rudin et al. demonstrated that preoperative
heat pain responses were able to predict up to 43% of the
variance in postoperative pain, but the investigators did
not evaluate the possible association with opioid con-
sumption [20]. In another study of 20 patients undergoing
total knee arthroplasty, Martinez et al. demonstrated that
postoperative opioid consumption correlated with preop-
erative heat hyperalgesia, but not thermal or mechanical
pain thresholds [21]. In the latter study, the preoperative
thermal sensory values likely reflected an inflammatory
process with hyperalgesia in the operative site (knee) and
therefore may predominantly reflect the degree of preop-
erative injury. In contrast, we were able to demonstrate the

Figure 2 Morphine consumption (24 hours) mg
equivalents among quantitative sensory testing
groups stratified at a heat pain threshold of 45°C
and cold pain threshold of 10°C. Group 1 subjects
(N = 44) demonstrated heat and cold pain thresh-
olds above and below the cutoff values, respectively.
Group 2 subjects (N = 30) demonstrated either a
heat pain threshold below the cutoff or cold pain
threshold above the cutoff values. Group 3 subjects
(N = 46) had heat pain thresholds below the cutoff
and a cold pain threshold above the cutoff value.
Group 3 subjects had a median (95% confidence
interval) difference in 24-hour morphine consump-
tion of 19 (7–33) mg equivalents (P = 0.004) com-
pared with Group 1 subjects and 13 (0–28) mg
equivalents compared with group 2 subjects
(P = 0.05).
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ability of preoperative thermal sensory characteristics to
predict postoperative opioid consumption in analgesic-
naïve subjects at the presentation for surgery.

In the review of studies evaluating QST methods, Grosen
et al. suggested a primary limitation of prior studies of
sensory testing in surgical patients was that opioid con-
sumption was not a primary outcome [22]. Most prior
studies evaluated pain scores following surgery, and dif-
ferences in pain scores may reflect poor postoperative
management and opioids/analgesic consumption is fre-
quently considered a more robust postoperative pain
outcome [22]. In addition, postoperative opioid consump-
tion but not pain scores have been associated with poor
quality of postsurgical recovery [30,31].

Our subjects received a standardized anesthetic with a
loading dose of morphine 20–30 minutes prior to the end
of surgery to optimize analgesia [32–35]. Although a trend
toward an increase in opioid-related adverse effects has
been reported with the use of a loading dose, this was not
observed in our study. There was no difference in the level
of sedation or incidence of postoperative nausea, and
vomiting or pruritus when stratified at the median values of
heat and cold pain thresholds or when examined in the
three groups of subjects representing the interaction of the
QST responses despite differences in 24-hour morphine
consumption. We also limited our study population to
premenopausal women who were undergoing gyneco-
logic surgery for nonmalignant causes in order to control
for confounding factors such as age, gender, and type
and duration of surgery that could affect pain burden and
opioid analgesic consumption.

Our findings have important clinical implications as we
have demonstrated that thermal QST can be used to
stratify patients based on their predicted postoperative
opioid consumption. QST is easy to perform, and assess-
ments take only a few minutes to complete in the preop-
erative period. Based on our findings, patients with a
predicted high postoperative opioid requirements (cold
pain threshold >10°C and heat pain thresholds <45°C)
could be managed using more aggressive multimodal
analgesic strategies including non-opioid analgesics and
dexamethasone in order to optimize postsurgical recovery
[12]. In contrast, subjects with high heat pain thresholds
>45°C, low cold pain thresholds <10°C would be
expected to have lower opioid requirements and could
receive less aggressive postoperative opioid therapy in
order to minimize adverse side effects [13,14].

Our study is only valid when interpreted within the context
of its limitations. We studied subjects that did not report
preoperative pain that has been shown to be associated
with an increase of up to 50% in postoperative opioid
consumption. Nonetheless, we believe that characteriza-
tion of an opioid-naïve subjects’ response to thermal
stimulus and the association with postoperative analgesic
consumption allows generalizable of our findings to other
surgical populations. We did not assess preoperative
anxiety levels that have been found to be an important

factor in predicting postoperative analgesic use; however,
the impact of anxiety is controversial and appears to be a
more important factor for predicting early postsurgical
pain levels rather than 24-hour opioid consumption [36–
39]. In addition, we excluded subjects with a diagnosis of
anxiety or depression in order to minimize confounding
effects. We did not evaluate the response to supra-
threshold stimulus, which may have greater sensitivity to
differentiate outcomes than thermal pain thresholds as
assessed in this study. Finally, our study was underpow-
ered to examine the interaction among subjects with
responses to both heat and cold stimulus in the upper half
of the normal range with those with a threshold response
below the upper half to either heat or cold stimulus.

In conclusion, our study demonstrates that preoperative
QST thermal thresholds in subjects without pre-existing
pain prior to surgery is a predictor of postoperative anal-
gesic requirements and may be useful for identify patients
with increased opioid requirements. Thermal QST is a
simple, non-noxious test, and the information gleaned
from the testing might be useful for stratification of sub-
jects based on their relative opioid requirement in order to
optimize postoperative pain management.
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