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Abstract
This health outcomes analysis based on data from a randomized, double-blind, placebo-
controlled trial determined dose-response relationship between opioid use and related
symptoms. All patients received intravenous fentanyl on demand for pain predischarge,
and oral acetaminophen 500 mg/hydrocodone 5 mg every 4–6 hours as needed
postdischarge for up to 7 days postsurgery. Patients completed an opioid-related Symptom
Distress Scale (SDS) questionnaire every 24 hours postdischarge for 7 days, which assessed
12 opioid-related symptoms by 3 ordinal measures: frequency, severity, and bothersomeness.
Clinically meaningful events (CMEs) were defined based on the responses to this
questionnaire. Opioid use was converted to morphine equivalent dose (MED). The dose-
response relationship between composite SDS scores and MED on Day 1, on Days 0 and 1,
and on Days 1–4, was assessed. SDS scores for all 12 symptoms within the 3 dimensions
were significantly associated with MED on Day 1 (F-value � 1.56; P � 0.04), as well as
cumulative MED used on Days 0 and 1 (F-value � 1.85; P � 0.01). Patients with a
specific CME used a higher MED than those without a CME on Day 1 (P � 0.001).
Between Days 1 and 4, patients with a higher number of patient-CME-days used a
significantly higher MED. Regression analyses suggested that once the MED reached a
threshold, approximately every 4 mg increase in MED was related to 1 additional patient-
CME-day (P � 0.01). A dose-response relationship empirically exists between MED and
directly assessed opioid-related CMEs after ambulatory laparoscopic cholecystectomy. Once
daily MED reaches a threshold, every 3–4 mg increase will be associated with 1 additional
clinically meaningful opioid-related symptom, or 1 additional patient-day with an opioid-
related CME. J Pain Symptom Manage 2004;28:35–46. � 2004 U.S. Cancer Pain
Relief Committee. Published by Elsevier Inc. All rights reserved.
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Introduction
Ambulatory surgery constituted 60–70% of

all surgery performed in North America in the
early 1990s.1 Over the past decade, the percent-
age of surgical procedures being performed in
outpatient centers has significantly increased.2,3

In response, managing postoperative pain has
become a focus area of research.

Opioids are very effective analgesics for post-
operative pain management, but numerous
studies published during the last decade have
demonstrated that opioid analgesics are sig-
nificantly associated with adverse drug effects,
including nausea and vomiting, respiratory de-
pression, urinary retention, pruritus, fatigue,
and central nervous system (CNS) effects such
as headache, somnolence, drowsiness, and diz-
ziness.3–6 For example, the reported incidence
of postoperative nausea and vomiting after la-
paroscopic cholecystectomy surgery is 25–40%
when no prophylactic antiemetic is provided.7,8

Urinary retention is a well-known adverse effect
of opioid analgesics, with an average of 17.5%
of patients reporting some form of urinary
retention in studies assessing this symptom.4

Additionally, a high incidence of fatigue or
tiredness,3 pruritus,4 and common CNS effects,
such as sleep impairment, dizziness, sedation,
somnolence, and headache, have been dem-
onstrated with the use of opioid analgesics.4

Although opioid analgesic-related adverse
events are common, there is a paucity of well-
designed studies correlating postoperative ad-
verse events to dose of opioid analgesia. The
literature inconsistently reports adverse reac-
tions associated with opioids. Furthermore,
although it has been suggested that most
opioid-associated adverse events are dose-re-
lated,4,9 to our knowledge no well-designed
studies have empirically proved such a relation-
ship. Establishing a dose-response relationship
is important to provide theoretical guidance
to opioid dose-sparing therapeutic strategies,
which are considered desirable in managing
postoperative pain. The purpose of this study
was to establish the relationship between opioid
dose, as represented by the morphine equi-
valent dose (MED), and 12 common opioid-
related adverse effects, as represented by a
Symptom Distress Scale (SDS) score and clini-
cally meaningful events (CMEs), after ambula-
tory surgery. Both immediate responses (one
day postoperatively) and longer-term responses
(1–4 days) were examined.

Methods
Study Design

This is a health outcomes analysis based on
data from a randomized, double-blind, placebo
and active comparator-controlled, parallel-group
clinical trial among patients who required elec-
tive ambulatory laparoscopic cholecystectomy
surgery (LCS).10 Acceptable indications for
LCS included acute or chronic cholecystitis,
gallstones with a history of pancreatitis (not cur-
rently active), and gallstones with a history of
jaundice (without current bile duct obstruc-
tion). The active arm received intravenous
parecoxib 40 mg administered 30–45 minutes
preoperatively, and valdecoxib 40 mg every day
orally up to Day 4 and as needed on Days 5 to
7 postsurgery. The comparator arm received
placebo in place of parecoxib and valdecoxib.
General anesthesia was induced with propofol
1–2 mg/kg and fentanyl 2–5 (µg/kg followed
by a non-depolarizing neuromuscular blocking
drug to facilitate tracheal intubation. Anesthe-
sia was maintained with sevoflurane 1–3% end-
tidal concentrations. No local anesthetic was
administered either intravenously or at the
surgical site. Neuromuscular blockade was
reversed with neostigmine and glycopyrrolate.
All patients received a prophylactic dose of on-
dansetron 4 mg intravenously (IV) 10–20 mi-
nutes prior to the end of surgery to prevent
postoperative nausea and vomiting. The tra-
cheal tube was removed after the patient was
able to maintain adequate ventilation and
follow commands.

The study included four periods: 1) the pre-
treatment period—from the screening visit (Day
�14) to the time of preoperative dosing with
study medication on the day of surgery (Day
0); 2) the intraoperative period—Day 0, from
the time of dosing with study medication to
the end of surgery (tracheal extubation); 3) the
early postoperative period—Day 0, first 4 hours
beginning 10 minutes after awakening (T0–
T240 minutes); and 4) the oral dosing period—
T240 minutes on Day 0 through Day 7. All pa-
tients received standard of care intravenous fen-
tanyl on demand for the treatment of pain in
the early postoperative period. During the oral
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dosing period, patients experiencing insuffi-
cient pain relief were allowed to take supple-
mentary hydrocodone 5 mg/acetaminophen
500 mg (Vicodin�; 1–2 tablets orally every 4–6
hours as needed, with a maximum number of
6 tablets for Day 0 and 8 tablets for Days 1 to 7).

During the early postoperative and oral
dosing periods, the cumulative opioid dose re-
quired by patients, pain intensity, daily activities
interfered with by pain, and opioid-related
symptoms were directly assessed. For the pur-
poses of this study, we first focused on opioid
dose use on Days 0 and 1 after surgery and cor-
related it with opioid-related symptoms within
the first 48 hours after surgical procedure. To
assess the longer-term dose-response relation-
ship during the recovery period after surgery,
the study also analyzed data between Days 1 and
4 after the operation.

Assessment of Opioid-Related Symptoms
In the oral dosing period, or postoperative

Days 1 to 7, opioid-related symptoms were as-
sessed daily with an opioid-related SDS adapted
from the Memorial Symptom Assessment
Scale.11 A total of 12 opioid-related symptoms
were assessed, including nausea, vomiting, con-
stipation, difficulty passing urine, difficulty
concentrating, drowsiness or difficulty staying
awake, feeling light-headed or dizzy, feeling
confused, feelings of general fatigue or weak-
ness, itchiness, dry mouth, and headache. Pain
and diarrhea were also assessed in the ques-
tionnaire but were excluded from this analy-
sis because they were not considered to be
opioid-related symptoms. Three dimensions
were used to determine the symptom experi-
ence: severity of the symptom, on a 4-point
Likert scale ranging from “slightly severe” (1)
to “very severe” (4); frequency, on a 4-point
Likert scale, ranging from “rarely” (1) to “almost
constantly” (4); and bothersomeness, on a 5-
point Likert scale, ranging from “not at all” (1)
to “very much” bothered (5). On Days 1 and 2,
opioid-related symptom assessment was made
over the telephone. For the remaining days,
assessments were made via patient diary at
bedtime.

Study Sample
One hundred ninety-three (193) patients

who fulfilled the requirements of the clinical
trial were included in this analysis. Analyses
were conducted among all eligible patients in
the clinical trial, regardless of treatment group,
to provide empirical evidence of a dose-re-
sponse relationship between MED and opioid-
related adverse effects. In this way, the study
was able to double the sample size and increase
the MED range for this cohort.

Data Analysis

Opioid Use. Dosages of supplementary intrave-
nous fentanyl and oral hydrocodone per patient
during the study period were converted to the
MED. Briefly, fentanyl 50 µg every hour and
hydrocodone 15 mg every 4 hours is equivalent
to morphine 15 mg every 4 hours.12 Therefore,
morphine 1 mg is equivalent to fentanyl 13 µg
or hydrocodone 1 mg. MED was calculated for
the aforementioned time periods.

Creating Individual and Composite Symptom Distress
Scale (SDS) Scores. SDS scoring was performed
using the methodology of Portenoy et al.11

Values for frequency and severity for each
symptom were scored from 1 to 4. For bother-
someness, reported values of 1 to 5 were scaled
to a range roughly similar to the frequency
and severity domains: “not at all” was scored as
0.8, “a little bit” as 1.6, “somewhat” as 2.4, “quite
a bit” as 3.2, and “very much” as 4.0. If a patient
did not experience the symptom in the past 24
hours, a score of 0 was assigned to each domain.
The average SDS score for each symptom was
calculated by taking the mean of the patient-
reported scores for each of the 3 symptom dis-
tress dimensions. The overall composite SDS
score was the mean of each of the 12 individual
symptoms’ SDS score. By taking the mean
score of all 12 symptoms in each dimension, di-
mension-specific composite SDS scores for fre-
quency, severity, and bothersomeness were also
created.

Creating Clinically Meaningful Events (CMEs). A
CME was defined based on the level of patient
response to each symptom in the 3 measured
dimensions; frequency, severity, and bother-
someness. For each study symptom, a patient
with a response of “frequently” to “almost con-
stantly” for the frequency dimension, “moder-
ate” to “very severe” for the severity dimension,
or “quite a bit” to “very much bothered” for the
bothersomeness dimension was considered to
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have a CME.13 In addition, 3 summary CME
measures, patients with at least 1, 2, or 3 CMEs,
were created based on individual CMEs.

Statistical Analysis

Dose-Response Relationship Between MED and SDS
Scores on Day 1. The SDS scores on Day 1 for
individual symptoms as well as for overall symp-
tom frequency, severity, and bothersomeness
was described by mean and SD. The overall
symptom distress score for all 12 symptoms
was also described. Association of Day 1 SDS
scores with MED on Day 1, and on Days 0 and
1, were first determined by multiple analysis
of variance (MANOVA), adjusting for potential
confounding factors. Patient characteristics,
clinical features, and operation-related vari-
ables significantly associated with SDS score
(P � 0.10) in a series of univariate analyses
were considered potential confounders. These
included race, major medical history, open gall
bladder during surgery, and treatment. Age
and sex were also included as potential con-
founders. The dose-response relationship be-
tween composite SDS scores and MED, both
on Day 1 and on Days 0 and 1, was assessed by
multiple regression, adjusting for potential
confounders.

Dose-Response Relationship Between MED and CMEs
on Day 1. The numbers of patients with a CME
for each specific opioid-related symptom and
with at least 1, 2, or 3 CMEs on Day 1 were
described by percentage. The relationship be-
tween Day 1 MED and opioid-related CMEs on
Day 1 after LCS was determined by 2 methods.
The first method compared MED between pa-
tients with a specific opioid-related CME and
patients without that event by n-way ANOVA,
after adjusting for potential confounders. The
weighted average (by sample size) was also cal-
culated over all symptoms and compared be-
tween patients with and without a specific
opioid-related CME by n-way ANOVA. The
second method used multiple linear regres-
sion to test the dose-response relationship be-
tween MED used on Day 1 only and the number
of CMEs patient experienced on Day 1. Because
MED taken on the day of surgery (Day 0) might
have had a residual impact on CMEs the follow-
ing day (Day 1), the aforementioned analyses
were also conducted based on the total cumula-
tive MED on Days 0 and 1.

Dose-Response Relationship Between MED and Pa-
tient-Days with CMEs Between Days 1 and 4. To
investigate the association between MED and
opioid-related adverse effects in the entire re-
covery period after LCS, the study tested the
dose-response relationship between cumula-
tive MED used between Days 1 and 4 and the
number of patient-days with a CME. To perform
this analysis, symptom-specific CMEs were first
assessed based on the SDS score each day
during the 4-day period. Then, the total
number of patient-days with CMEs for a given
symptom for each patient was calculated, rang-
ing from 0 to 4 days. Patients with 3 or 4 days with
a CME were combined due to low counts. Mean
MED for each number of patient days with CME
for a given symptom was calculated and com-
pared by n-way ANOVA, adjusting for potential
confounders. By combining all symptom-spe-
cific CMEs, we also created 3 summary measures
of patient-days with CMEs: patient-days with at
least 1, 2, or 3 CMEs, between Days 1 and 4.
Linear regression was used to test the average
dose-response relationship between cumula-
tive MED between Days 1 and 4 and the number
of patient-days with a symptom specific CME.
Furthermore, by summing the number of pa-
tient-days with CME for all 12 study symptoms,
we also created a composite measure of total
patient-CME-days. Linear regression was used
to assess the relationship between cumulative
MED between Days 1 and 4 and total patient-
CME-days.

All statistical analyses were performed using
SAS (v. 8.02, SAS Institute Inc., Cary, NC).

Results
Description of Study Sample

Table 1 shows patient characteristics and
clinical features within all study patients, and
reports levels of pain severity and the cumula-
tive MED used in the different treatment peri-
ods of the study.

Distribution of SDS Scores
The distribution of SDS scores for each indi-

vidual opioid-related symptom and composite
SDS scores for all opioid-related symptoms
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Table 1
Patient Characteristics

Variables All patients (n � 193)

Age (years) Mean � SD 45.4 � 14.1
Sex—Female, n (%) 156 (81)
Patient health status (ASA Class), n (%)

I 63 (33)
II 113 (58)
III 17 (9)

Pain severity (range 0–10),a Mean � SD
Day 0 5.1 � 2.7
Day 1 4.6 � 2.6
Days 1 to 4 3.2 � 2.1

Mean intraoperative fentanyl dose (µg), Mean � SD 131.0 � 46.4
Cumulative morphine equivalent dose (mg), Mean � SD

Up to 240 minutes post-operation 12.8 � 9.0
On operation day (Day 0) 23.1 � 14.4
On Day 1 after operation 14.8 � 13.4
On both Day 0 and Day 1 37.9 � 25.0
Between Day 1 and Day 4 after operation 39.0 � 38.1

Cumulative morphine equivalent dose (mg), Median (range)
Up to 240 minutes post-operation 11.2 (0–51)
On operation day (Day 0) 20.0 (0–79)
On Day 1 after operation 10.0 (0–80)
On both Day 0 and Day 1 34.1 (0–122)
Between Day 1 and Day 4 after operation 30.0 (0–175)

aPain scores are based on responses to the “worst pain in the past 24 hours,” using the Brief Pain Inventory measured on a scale of 0 to 10, where
0 � no pain, 10 � worst pain possible.
assessed on Day 1 are listed in Table 2. Feel-
ings of general fatigue or weakness resulted in
the highest SDS score, followed by dry mouth,
drowsiness or difficulty staying awake, headache,
nausea, feeling light-headed or dizzy, itchiness,
and difficulty passing urine. The composite SDS
score for symptom frequency was a little higher
than for symptom severity or bothersomeness.
Similar results were observed for the proportion
of patients with CMEs for each study symptom
(Table 2).

Dose-Response Relationship Between MED
and SDS Scores

MANOVA determined the overall relation-
ship between MED and SDS scores. After ad-
justing for confounders, SDS scores for all 12
individual symptoms and dimensions (fre-
quency, severity, bothersomeness) were signifi-
cantly associated with MED on Day 1 (F-value �
1.56; P � 0.04), as well as cumulative MED used
on Days 0 and 1 (F-value � 1.85; P � 0.01).

The association between MED and SDS
scores was assessed using linear regression. Due
to the limited sample size and having a wide
range of SDS scores for individual symptoms,
the study only estimated the dose-response rela-
tionship between composite SDS scores (fre-
quency, severity, bothersomeness, overall) and
MED. After adjusting for potential con-
founders, the study found that composite SDS
scores for frequency, severity, and bothersome-
ness and for overall SDS score were signifi-
cantly associated with cumulative MED. The
effect of each 1 mg increase in MED on SDS
score on Day 1 was similar for the dimension-
specific SDS scores and for overall SDS score
(range 0.0049–0.0058, P � 0.05). When the cu-
mulative MED used during Day 0 and Day 1
was used instead of only Day 1, the effects of
each 1 mg increase in MED on SDS score were
smaller, ranging from 0.0037 to 0.0041 for all
patients (P � 0.01) (data not shown).

Dose-Response Relationship Between MED
and CMEs on Day 1 and on Days 0–1

n-way ANOVA was used to compare the MED
between patients with a CME for a given opioid-
associated symptom and those without a CME.
In general, patients with a specific CME used a
higher dose of morphine than those without
the CME. The average MED among patients
with a CME was 18.1 mg MED (SE � 0.6) on
Day 1 only and 45.2 mg (SE � 1.3) on both Day
0 and Day 1, whereas average MED used among
those without a specific CME were 14.3 mg
(SE � 0.1) on Day 1 only (P � 0.0001) and
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Table 2
Distribution of Opioid-Related SDS Score and CMEs on Day 1 After Surgical Procedure

All Patients (n � 193)

Mean � SD n (%) with CME

SDS score based on individual symptoms
Nausea 0.36 � 0.8 20 (10)
Vomiting 0.11 � 0.5 8 (4)
Constipation 0.18 � 0.6 10 (5)
Difficulty passing urine 0.19 � 0.7 12 (6)
Difficulty concentrating 0.13 � 0.5 6 (3)
Drowsiness or difficulty staying awake 0.54 � 0.9 35 (18)
Feeling light-headed or dizzy 0.34 � 0.7 18 (9)
Feeling confused 0.02 � 0.2 0 (0)
Feeling of general fatigue or weakness 1.06 � 1.1 73 (38)
Itchiness 0.30 � 0.7 13 (7)
Dry mouth 0.96 � 1.2 58 (30)
Headache 0.44 � 0.9 28 (14)
With at least one symptom N/A 123 (64)
With at least two symptoms N/A 71 (37)
With at least three symptoms N/A 39 (20)

Composite SDS score
How often did you experience it 0.46 � 0.4 N/A
How severe was it 0.34 � 0.3 N/A
How bothersome was it 0.36 � 0.4 N/A
Overall score 0.39 � 0.4 N/A

Range for SDS score 0 to 4 where 0 � no symptom, 4 � most frequent, most severe, or most bothersome.
36.9 mg (SE � 0.3) on both Day 0 and Day 1
(P � 0.0001). The average differences in MED
between patients with and without a given CME
were 3.7 mg for dose used on Day 1 only and
8.3 mg for dose used on Day 0 and Day 1 (4.2
mg per day).

More than 36% of patients had CMEs for
more than one symptom; patients with or with-
out a specific symptom might also have other
symptoms. Consequently, comparing the av-
erage MED among patients with a specific CME
with those without such a CME might underesti-
mate or overestimate the difference in MED
between the two groups. Therefore, the dose-
response relationship between MED and number
of symptoms with a CME was determined by
regression analyses. Table 3 indicates that pa-
tients with higher numbers of symptoms with
CMEs used more opioid analgesics. The analy-
ses based on the MED used on Day 1 suggested
that once MED reached a threshold (10.6 mg
of daily dose), approximately every 3 mg in-
crease of MED was associated with an additional
symptom with a CME. The MED based on
opioid use on Days 0 and 1 was approximately
6 mg (3 mg per day) per additional symptom
with a CME after reaching a threshold of 29
mg (Table 3) (Figure 1a and b).

Dose-Response Relationship Between MED
and Patient-Days with CMEs Between
Days 1 and 4

Table 4 presents the distribution of average
MED by the number of patient-days with a CME
for each specific opioid-related symptom. In
general, MEDs were significantly higher among
patients with a higher number of days with a
CME for a specific symptom than among
patients with a lower number of days with a
CME. The table also indicates that patients with
higher MED had a significantly higher number
of days with multiple CMEs. For example, the
average MED was 77.0 mg for patients with at
least 3 CMEs for three or more days, whereas the
average MED was only 33.3 mg for patients with
no days of three or more CMEs during the
same time period. Multiple regression analyses
between MED and number of patient-days with
CMEs for a specific symptom showed that out
of the 12 symptoms assessed, the dose-response
relationship was statistically significant for 8
symptoms among all study patients (Table 4).
The regression analysis also indicated that the
number of patient-days with multiple CMEs was
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Table 3
MED (mg) Used and Number of Clinically Meaningful Symptoms Experienced on Day 1

Based on Day 1 Dose Based on Day 0 and Day 1 Dose

Comparison Effect Estimate of One Additional Comparison Effect Estimate of One Additional
of Means Clinically Meaningful Symptom on Dose of Means Clinically Meaningful Symptom on Dose

Least Effect Effect Least Effect Effect
Square Baseline Estimate Estimate Square Baseline Estimate Estimate

No. CMEs Mean � SEa (α) (mg) (β) (mg)b (βadj) (mg)c Mean � SEa (α) (mg) (β) (mg)b (βadj) (mg)c

No event 11.0 � 1.5 10.6 3.5 3.0 31.0 � 2.7 29.1 7.2 5.9
1 event 14.8 � 1.7 36.3 � 3.1
2 events 15.6 � 2.2 41.7 � 3.9
�3 events 20.8 � 2.1 49.1 � 3.7
aLeast square mean MEDs (mg) calculated by n-way ANOVA, adjusting for age, sex, race, significant medical history, open gall bladder, and
among all patients, treatment.
bUnadjusted regression analysis (P � 0.001).
cAdjusted regression analysis, controlling for age, sex, race, significant medical history, open gall bladder, and among all patients, treatment
(P � 0.001).
significantly associated with MED (P � 0.001
for all three summary measures, Table 4). These
regression analyses also suggested that levels of
the dose-response relationship differed by indi-
vidual symptoms.

The study also determined the relationship
between MED use between Days 1 and 4 and
total number of patient-CME-Days. Table 5
and Figure 1c show that patients with higher
numbers of patient-CME-days used a signifi-
cantly higher MED between Days 1 and 4. The
regression suggested that once MED between
Days 1 and 4 reached a threshold (20.6 mg),
approximately every 4 mg increase in MED was
related to one additional patient-CME-day
(P � 0.01).

Discussion
In clinical management of postoperative

pain, patients treated with opioid analgesics
often present with one of two common situa-
tions: either pain is controlled but the patient
experiences some intolerable adverse effects,
or pain is not adequately controlled and it
is impossible to increase the opioid analgesic
dose because of adverse effects.14 Some previ-
ous studies, using multimodal treatment strate-
gies to reduce opioid use, have been unable to
demonstrate a relationship between opioid
dose reduction and reduction of opioid-related
adverse effects.15,16 A study in which propaceta-
mol was administered with postoperative mor-
phine did not demonstrate any significant
reduction in opioid-related side effects com-
pared with morphine alone, including nausea,
respiratory depression, and urinary retention.16

From this, Aubrun et al.16 suggested that the
proposed benefits of multimodal analgesia, at
least with respect to opioid-related adverse ef-
fects, may be erroneous. However, there is
much recently published literature to support
the concept of multimodal analgesia to improve
patient outcomes, part of which includes reduc-
ing opioid-related adverse effects.4,17–19 The
ability to demonstrate such a relationship is im-
portant to support treatment strategies that
reduce postoperative opioid use.

The current study found that symptom dis-
tress, as measured by SDS score, is significantly
associated with opioid dose. On average, each
milligram increase in daily MED is associated
with an approximate 0.005 to 0.006-point in-
crease in overall composite SDS score. To inter-
pret this relationship for clinical practice, the
study used the concept of CME to establish
the dose-response relationship between mor-
phine daily dose and CMEs for individual symp-
toms. Using three approaches, the study found
that on average, an approximate 3–4 mg in-
crease in MED was related to 1 additional CME.
Specifically, the average MED for patients with a
specific CME was 4 mg higher than for patients
without any CMEs, and approximately each
3 mg increase in daily MED was associated
with one additional CME after reaching a
threshold level (10.6 mg). Furthermore, using
the concept of patient-CME-days, the study
found that during the recovery period (Days 1
to 4) after ambulatory LCS once the cumulative
MED reached about 20 mg, each 4 mg in-
crease in MED was associated with an additional
patient-CME-day.
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Fig. 1. Dose-response relationship between MED
(mg) used and number of CMEs on Day 1, on Day
0 and 1, and Days 1 to 4 after LCS. Multiple regression
analysis demonstrates that the number of patients
with multiple CMEs was significantly associated
with MED for all patients on (a) Day 1 postsurgery
(Y � 10.6 � 3.5X), and on Days 0 and 1 (b) (Y �
29.1 � 7.2X) (P � 0.001). Additionally on postoper-
ative Days 1 through 4 the number of patient-days
with multiple CMEs was significantly associated with
MED for all patients (Y � 20.6 � 4.8X; P � 0.001).
The findings of this study have significant
clinical value in postoperative pain manage-
ment. Because most adverse events associated
with opioids are dose-related,4 opioid-sparing
strategies are desirable. The findings of this
study provide guidance in the use of co-thera-
pies. It suggests the dose at which an opioid
analgesic could be coadministered with a nono-
pioid analgesic to obtain optimal pain control
with limited adverse effects. The study findings
may also help in the design of clinical trials for
evaluating the benefit of opioid-sparing effects
of a particular analgesic.

The time when opioid-related symptoms
occur can vary greatly. For example, urinary
retention and constipation may develop more
slowly and become symptomatic a day or more
after surgery, whereas nausea occurs relatively
early. Therefore, assessment of an opioid-re-
lated adverse effect at a fixed time may miss
the peak occurrence of some events, which may
significantly affect the sensitivity of a dose-re-
sponse relationship analysis. The study used two
different approaches to overcome these chal-
lenges. Firstly, by combining study adverse ef-
fects, namely, creating composite SDS scores
and number of CMEs, using the average rela-
tionship for all study symptoms, the study was
able to reduce the impact of symptom variance
due to time of occurrence for individual ad-
verse effect. Secondly, using the patient-event-
time method, the study evaluated the longer-term
(up to four days after operation), dose-response
relationship between cumulative MED and
specific opioid-related CMEs. This analysis esti-
mated the average impact over a reasonable
time period after surgical procedure. Combin-
ing each study event and using cumulative MED
over a four-day period increased the robustness
of the longitudinal relationship. This second
approach showed that levels of dose-response
relationship between MED and different CMEs
were significantly different.

Symptoms included in this study are the
common adverse effects related to the use of
opioid analgesics reported in the literature.
However, this is not a complete list. For exam-
ple, respiratory depression was not included in
the SDS questionnaire for two reasons: 1) this
effect is the least commonly reported opioid-
associated adverse event,4 and 2) without an
appropriate monitoring method, the reliability
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3 Days

n (%) MEDmg � SE Effect Estimate (β) (mg)

7 (4) 87.2 � 13.9 13.7a

2 (1) 64.9 � 26.7 6.0
13 (7) 72.6 � 10.7 11.la

3 (2) 80.5 � 20.9 11.5b

0 (0) N/A 12.6

3 (2) 35.6 � 21.2 8.2b

3 (2) 77.0 � 21.4 14.3a

0 (0) N/A 61.1c

30 (16) 54.9 � 7.6 5.9c

6 (3) 51.7 � 15.5 5.2
11 (6) 61.7 � 11.4 8.0c

7 (4) 46.5 � 15.0 2.9
73 (38) 56.0 � 5.5 9.1a

29 (15) 67.5 � 7.7 10.0a

11 (6) 77.0 � 11.3 13.4a

mong all patients, treatment.

t medical history, open gall bladder, and among all patients, treatment.
Table 4
Association Between Cumulative MED Between Days 1 and 4 and Numb

Least Square Mean MED by Number of Days Patients with CM

0 Days 1 Day 2 Days

Symptom n (%) MEDmg � SE n (%) MEDmg � SE n (%) MEDmg � SE

Nausea 157 (81) 36.9 � 4.1 23 (12) 36.8 � 8.1 6 (3) 80.9 � 15.0
Vomiting 182 (94) 38.2 � 4.2 9 (5) 39.2 � 13.0 0 (0) N/A
Constipation 139 (72) 33.1 � 4.4 27 (14) 45.3 � 7.3 14 (7) 52.5 � 9.9
Difficulty passing urine 168 (87) 37.9 � 4.2 18 (9) 30.2 � 9.0 4 (2) 92.8 � 18.2
Difficulty concentrating 177 (92) 37.5 � 4.2 11 (6) 54.8 � 11.8 5 (3) 57.8 � 17.0

Drowsiness or difficulty 143 (74) 35.6 � 4.3 33 (17) 50.3 � 7.2 14 (7) 54.6 � 10.6
staying awake

Feeling light-headed 159 (82) 34.2 � 4.3 25 (13) 52.0 � 8.0 6 (3) 64.4 � 14.7
or dizzy

Feeling confused 190 (98) 37.5 � 4.1 3 (2) 98.6 � 21.1 0 (0) N/A
Feeling of general 83 (43) 34.1 � 4.9 49 (25) 36.8 � 6.3 31 (16) 43.6 � 7.5

fatigue or weakness

Itchiness 157 (81) 36.9 � 4.4 17 (9) 44.4 � 9.3 13 (7) 48.3 � 11.1
Dry mouth 121 (63) 33.4 � 4.4 42 (22) 48.5 � 6.5 19 (10) 47.4 � 9.1
Headache 146 (76) 37.7 � 4.4 30 (16) 41.9 � 7.5 10 (5) 49.8 � 12.7
At least 1 of the above 36 (19) 27.4 � 6.3 34 (18) 27.5 � 6.6 50 (26) 39.5 � 5.9
At least 2 of the above 80 (41) 28.8 � 4.8 54 (28) 41.1 � 5.8 30 (16) 46.3 � 6.9
At least 3 of the above 126 (65) 32.3 � 4.2 39 (20) 49.2 � 6.7 17 (9) 62.8 � 9.2

Least square mean MEDs calculated by n-way ANOVA, adjusting for age, sex, race, significant medical history, open gall bladder, and a
aP � 0.001;
bP � 0.05;
cP � 0.01; multiple regression between patient-days with a CME and cumulative MED Days 1 to 4, adjusting for age, gender, race, significan
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Table 5
Association Between Cumulative MED Between Days 1 and 4 and Number of Patient-CME-Days

All Patients (n � 193)

Comparison of Means Effect Estimate of One Additional Patient-CME-Day

Number of Baseline Effect Estimate Effect Estimate
Patient-CME-Days n (%) Mean � SEa (α) (mg) (β) (mg)b (βadj) (mg)c

0 36 (19) 27.0 � 6.3 20.6 4.8 4.3
1 19 (10) 20.0 � 8.3
2 27 (14) 35.0 � 7.3
3 26 (13) 35.3 � 7.6
4 13 (7) 53.8 � 10.7
5 18 (9) 50.8 � 8.7
6 13 (7) 46.1 � 10.3
7 10 (5) 59.8 � 11.7
8 4 (2) 53.0 � 17.7
9 6 (3) 72.6 � 14.4

10� 21 (11) 64.8 � 8.7
aLeast square mean MEDs (mg) calculated by n-way ANOVA, adjusting for age, sex, race, significant medical history, open gall bladder, and
among all patients, treatment.
bUnadjusted regression analysis (P � 0.001).
cAdjusted regression analysis, controlling for age, sex, race, significant medical history, open gall bladder, and among all patients, treatment
(P � 0.001).
of patient self-reported respiratory depression
is very low.

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are commonly used as coanalgesics to reduce
morphine therapy,20–23 but their use in the post-
operative setting can be limited due to a high
risk of gastropathy,24,25 and increased bleeding
due to inhibition of platelet aggregation.26

COX-2 specific inhibitors have an improved
upper gastrointestinal and platelet safety pro-
file27–29 and provide one option for postopera-
tive pain management to reduce postoperative
opioid use.30–32 For example, compared to
the standard of care, use of intravenous pare-
coxib 40 mg preoperatively, and postoperative
oral valdecoxib 40 mg daily, can significantly
reduce the amount of opioid analgesic use
by 30%, postoperative pain by 30%,10,33–35 SDS
score by 35%, and incidence rate of opioid-
related CMEs by approximately 40%.36

A few limitations related to the current study
should be noted. The study was based on the
data from a well-controlled clinical trial con-
ducted among patients who had ambulatory
LCS. Because the severity of postoperative pain
and dosage required to manage postoperative
pain varies significantly among different surgi-
cal procedures, the results of the study should
not be generalized to other surgical procedures
in clinical practice, such as inpatient surgery,
where greater amounts of opioids may be ad-
ministered. Additional studies should be con-
ducted for different surgical procedures to
establish such a relationship. In addition, the
study is based on data from a well-controlled
clinical trial. Due to the nature of clinical trials,
inclusion and exclusion criteria of patients,
surgical procedures, and postoperative man-
agement may be significantly different from
real-life clinical practice. Therefore, it is neces-
sary to exercise caution if applying the find-
ings of this study to clinical practice.

In conclusion, a dose-response relationship
empirically exists between MED and directly
assessed opioid-related CMEs after ambula-
tory LCS. Once the daily MED reaches a thresh-
old, every 3–4 mg increase in MED will be
associated with one additional clinically mean-
ingful opioid-related symptom, or one addi-
tional patient-day with an opioid-related CME.
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